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ABSTRACT 
Reduc ing Soil Crusting to [nhancc 
Sesame Seedling Emergence 
by 
Gustavo Campero, ~laster of Science 
Utah State University, 1977 
~1ajor Professor: Gaylen L. Ashcroft 
Department: Soil Science and Biometeorology 
In Venezuela rainfall-induced crust is the main problem in 
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obtaining adequate stands of sesame (Sesamwn indicum L.) The effec-
tiveness of seven commercially availab l e soi l conditioners to prevent 
soil crusting and their influence on sesame seedling emergence ~;as 
tested on Parlo silt loam. The chemicals were sprayed on the soi l sur-
face a t different rates and dilution s . The rates were established to 
give about th e same treatment cost. 
Two chemi ca 1 s: a polyviny 1 aJ cohol (El vanol 71-30) and an anionic 
asphalt emulsion (Humofina B-2864) gave the grea t est increase in sesame 
seedling emergence. Thereafter, the two chemicals were t ested on t~<o 
Utah soils (Parlo si lt loam and Nib l ey silty c l ay loam) and four 
Venezuelan soils. Three of the Venezuelan soils (Turen silt loam , 
Nonti ll ed Turen silt loam, and Agua Blanca si lty clay l oam) were samp l ed 
in areas ac tually being used for sesame production, but with problems of 
soi l crusting. TI1e fourth Venezuelan soil (Guanipa sand) was collected 
in an area where sesame has recently been introduced. 
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The experiment s were carried out under greenhouse condi tions. Soil 
samp l es were brought to a matric potential of about -3 bars , sieved 
through an 8-mm sieve , and placed i n pot s. Four sesame seeds were so wn 
in each pot and immediately afterward the surface treatment s were 
applied. The amount and dilution of a particular soil conditioner 
utilized on a po t constituted a treatment . The treatment s were repli-
cat ed eight times. Two days after sowing, crust formation was induced 
by a simulated rainfall of SO mm/ hour intensity during a 30-minute 
period. A control and a s ubwater ed control treatment were simultan e-
ous l y carr i ed out with each replicate. Th e time required to reach 
ponding was recorded as an index of aggregat e breakdown and surface 
sea ling. 
Sesame seedling emergence was r ecorded dai.ly. When no additi ona l 
count s occurred in a 24-hour period, the experiment was considered con-
cluded. At this t ime, measurement s of crus t impedance and resistance to 
penet r at i on were taken . In each experiment, half of th e po t s were pro-
vided with plastic guided tubes t o a ll m; a probe with a hemi spherical 
cap to penetra t e the soil crust from below. The forc e required to 
cause this penetration was called crust impedance. In the other half of 
the pots, a measurement was made of the resistance to penetration of the 
crust from above the soil surface using a pocket penetrometer. 
In the scr eening test, the seven chemi cal s t es ted on Parlo soil 
did not show c lear evidence of reducing soi l crust formation, but they 
increased th e time required to reach ponding. In the chemical treat-
ments as compared with the contro l, a s l ightl y higher sesame seed ling 
emergence was obtai ned. 
ln all of the soils, l' lv"no l 71- 30 ond llumofina B-2 S64 pro longed 
the time required tv reach a pondcJ cond ition. The effect of these 
c hemi cals on sesame seedling emergence was more variable. Thus, i n 
Guanipa soil, high rates of El vanol 71-30 or Humofina B- 2864 lowered 
seedling emergence. Practicall y no effect was observed in Turen and 
Nontill ed Turen soi ls. Only Elvanol 71-30 i ncreased seedling emergence 
in Agua Blanca soil. But, in Parle and Nib l ey soi l s, both chemicals 
were effective. 
Mo s t of the treated sampl es of the finer textured soils (soils 
other than Guanipa) showed higher crust impedance, higher resistance 
to penetration and higher sesame seed l ing emergence than the control. 
A shorter time to reach pending conditions in the control, indica t ed a 
more extensive aggregate breakdown in the soil surface. This mi ght , i n 
turn, cause the formation of a hard crust sec tion in the very surface of 
the soil. Although such crust section was not detected by the impedance 
or resis t ance to penetration measurements, it could be responsible fo r 
the l ow sesame seedling emergence percentage obtained in the cont ro l . 
The results suggest that the eva luation of a soil crust s trength 
based only on crust impedance and r es istance to penetration determina -
tions may lead to erroneous interpretations. The seedling itself is the 
best indicator of the soil mechanical strength influencing its emergence . 
(lOB pages) 
I NTRODUCTION 
Sesame (Sesamum indicwn L) is one of the oldes t and most important 
oil crops of traditional agriculture in Asia and Africa. The seeds con -
tain 45-55 percent of an edib l e oil which is rich in polyur.saturated 
fa tty acids and has a very pleasant flavor. In addi t ion, its hi gh con-
tent of a strong antioxidant known as sesamo l gives ses ame oil the 
great est resistance to oxidation of any of the vegetable oi l s. The 
seeds also contain 19 to 25 percent protein that is rich in the amino-
acid me thionine; consequentl y, sesame meal is an excellent source of 
pro t ein for both human and animal consumption. 
For 1972 the world production of sesame seed was about 2 million 
tons and the yield averaged 320 kg/ha (~1. A. C., 1975). In the last few 
decades, sesame has been grown in some areas of Latin America . Today 
t he Latin American yie lds are higher than those of Asia and Africa. 
In the pas t, yie lds of 1,000 to 2,000 kg/ha have been reported in 
commercial plots in Venezuel a (Leon, ~la zzani, and Gomez, 1972). However , 
in the last 20 years, the average sesame seed yiel ds for this count ry 
vari ed between 363 kg/ha and 704 kg / ha. Since there are adaptab l e 
varieties which have the potential to yield 2,000 kg/ha, the present 
yields cou ld be greatly increased by resolv ing agronomic problems found 
in the management of the crop . Among the unsolved problems th at affect 
sesame yie lds in Venezuela is the difficulty in ob ta i ning adequate stands 
of sesame because of soi l crus ting (Mazzani , 1971). 
In Venezuela, ses ame is grown in the Western Plains of the country 
where about 150,000 hectares are dedicated to this crop (~I.A.C .. 1975). 
It is grown as a dryland crop and, consequent l y, its growth depends on 
the water stored in the soil at the time of sowing, and on the precipi-
tation that infiltrates into the soi l during the crop season. In these 
conditions sesame has been an exce llent comp limen t ary crop to plant 
after harvesting corn (Zea mays L.) or rice (Oryza sativa ). Sesame 
makes effective use of stored soil moisture and also allows utilization 
of labor and agricultural machinery in a period of low activity. The 
stability of this management system, however, i s precarious becau se soil 
crusting problems are annually increasing, partially due to pro gressive 
s hattering of soil aggregates by the instruments used in seedbed prepara-
tion. 
In many instances, even a 1 ight rain (1 5 mm) can cause a hard soi 1 
crust to form that greatly effect s sesame seed ling emergence. This i s 
particularly true if the rain occurs a few days after planting and i s 
followed by a dry spell. As a consequence of the resulting poor s tand, 
the farmer must again prepare the seedbed and replant the sesame. 
During the years 1970- 74 , sesame farmers in Vene zuela had to plant 
sesame an average of 2.4 times to obtain a relatively satisfactory sesame 
stand (~la zzani, 1977). Crust formation has increased costs for sesame 
production and reduced th e profit margin of the crop. Economically 
feasible agronomic practices could be used on the soils of the Western 
Plains of Venezuela to reduce soil crust formation and thus enhance 
sesame seedling emergence. 
Thi s research ajms to test UJH.Icr g reenhouse conUitjon s th e poss i-
bility of using surficia l chemica l trc~Jtments to rcJuce sui I cru s t 
strength and enhance sesame seedling emergence. 
Objectives 
1 . To charact erize the temporal rainfall distribution at a loca-
tion near t he center of the sesame growing region in Venezuela by appor-
tioning the rainfall incurred in the following periods. 
a. ~lay 1 to the planting date. 
b. January 1 t o the l ast day of Februar y. 
c . TI1e 20 days fol l owing the planting date. 
2. To corre late sesame yields with the timing of precipitation 
for the location chosen for Objective 1. 
3. To characterize two Utah soi l s and four Venezuelan soil s by 
t he fo l lowing parameters: 
a. Particle size distribution. 
b. Water characteristic curve . 
c . Mineralogica l compositio~ of the clay-sized fraction. 
d . Percentage of organic matter. 
e. Electrical conductivity, pH, and sodium adsorption ratio 
in saturated extract. 
f. Agg r egate stability . 
4. To corre l ate aggregate stability with particle size distribu-
tion in the above characterized soils. 
5. To screen seven commercially available soil conditioners for 
their effectiveness in reducing crusting when app l ied to Parlo series 
at different rates and dilutions. 1he cff~ct i vPness will he as s cs s~J 
by det ermining the influence of treatment s on: 
a. Time required for ponding when the soil is under a s imu-
l a t ed rainfall intensity of 50 mm/hour. 
b. Evaporation . 
c . Impedance to rupturing the crust from be l ow by a probe 
that simulates an emerging plant. 
d. Resistance to penetrating the crust from above with a 
commercial penetrometer . 
e. Percentage of sesame seedling emergence. 
f . Aggregate stability. 
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6. To further evaluate, at different rates and diluti ons, the three 
soil conditioners that proved to be effective in the screening test of 
Objective 5. Such eva l uation will he done on Parl o series by asses si ng 
the effects of soil conditioners on the first five parameter s indicated 
in Objective 5. 
7. To expand the evaluation of the bes t performing soil conditi oners 
by testing them on two Utah soi l s and four Venezue l an soil s . The evalua-
tion will be done at several rates and dilutions by studying the effect 
of the soil conditioners on the six parameters indicated in Objective 5. 
8. To correlate soil crust impedance (rupture from be l ow) and soil 
crust resistance (penetration from above), with the sesame seedling 
emergence percentages. 
9. To eva lua t e, under f ield conditions, the effect of the soi l 
conditioners that showed the best performance in the scr eening test. 
The evaluation wi ll be done on Roshe Springs silt loam to determin e the 
influence of treatment on seedli ng emergence. (Reported in Appendix A.) 
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LITERATURE REVIEW 
Sesame Characteristics 
The genus Sesamum is a member of the Pedaliaceae family, a small 
fami l y of annual and perennia l herbs occurring mostly in the Old World 
tropics and subtropics (Purseglove, 1968) . Sesame is a crop of the dry 
tropic and ~<arm temperate regions. Once established, it can tol era t e 
periods of drought, but it is intolerant of waterlogging. Arnon (1972) 
indicated that sesame gives a good crop even when grown on stored soil 
moisture alone--considering that a winter rainfall of 400 mm is sufficient 
to ensure a good dry land crop in the ~ledi terranian region. The crop 
grows slowly in the early stages, and is greatly susceptib l e to ~<eed 
competition during that period. 
Depending on the cultivar, sesame takes between 80 to 150 days to 
reach maturity . It grows to about J .4 m and bears its flowers in short 
pedicels in the axils of the leaves. The seeds are small, about 2.5 
mg/seed, and are found enclosed in capsul es having dorsal dehiscence and 
a length of up to 40 mm. The seeds are easily dispersed by wind and 
other agents. Flo~<ering is continuous so maturation of the capsules is 
not simultaneous. The plants must be harvested before the onset of 
dehiscence, otherwise grave l oss of seed may occur (Tribe, 1967). 
For harvesting, the plants are cut below the lowest fruiting poin t 
and fastened into bundles, which are l eft in the field t o dry for abou t 
15 days. Afterwards, the bundles are threshed. Harvesting has been an 
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important factor limiting i ntroduction of t he .:rop into ar eas wh er e labor 
is expens i ve (Yerma;oos, Edwards, and Ilemstreet, 1964). 
~1e chanical harvesting has allowed sesame t o be grown in new regions . 
In Venezuela, cutter-binders ar e used to cut the plants, and modified 
gr ain combines to thresh them. Now attempts are being made to dry the 
crop, without cutting, by using chemical defo liators or driers . 1l1is 
would permit direct harvesting of sesame with improved grain combines 
(FONALI, 1974) . 
Tile relation of sesame seed yie ld with plant population has been 
s tudied in several investigation s. Ma zzani and Cobos (1956) varied the 
distance between rows from 500 t o 900 mm and the dis t ance between plants 
in the row from 100 to 300 mm in two branched sesame varieti es . Maxi-
mum sesame seed yield was obta ined i n the highest population dens ity 
(200 ,000 plants/ha). The same relation was found for a nonbranching 
varie t y (Mazzani and Cobos, 1958). 
Gerakis and Tsangarakis (1969) found that in sandy soils of the 
savannah belt of the Central Sudan the yield of noni rrigat ed sesame was 
increased wh en the maximum plant population commonly used in the area 
(80,000 plants/ha) was increased by SO percent. Furth er increases in 
plant population resulted in yield decreases, and a population of 200,000 
pl ant s/ha was as productive as tha t of 80,000 plants/ha. El Nadi and 
La zim (1974) studying the effects of varieties and populations on the 
yield of irrigated sesame in the Sudan det ermined that the increase in 
plant dens ity from 143,000 to 238,000 plants/ha increased seed yie ld. 
Delgado and Yermanos (1975 ) used a branched vari et y of sesame in 
an investigation to evaluate yield components of sesame under different 
population densities. Rows were flOtl nun npn1·t and spaci ng bct\~ccn plant s 
in the row vari ed from 25 to 300 111111 (6b7 ,000 to 56 , 000 plants/ha) . ~lore 
branches ~<ere produced at lo~< e r densities. Number of capsules and 
sesame seed yield decreased at plant spacings greater than 75 mm (22 2,000 
plants/ha). 
Sesame Production in Venezuela 
About 95 percent of the sesame production in Venezuela is concen-
trated in Portuguesa State and particularly in the Turen region (~I.A. C., 
1975) ~<hich is l ocated in the middle of the Western Plains of Venezuela. 
The Western Plains of Venezuela are situated south and ~<est of the Andes 
ridge, and cover about six million hectares. The area has a high agri-
cu ltural potential. The soils are recent alluvials, and tropical forest 
i s the natural vegetation. In ceptiso l s, alfisols, vertisols, and enti-
sols are the common soil orders in the area (~1.0.P., 1973 ) . Th e eleva-
tion is less than 250 m above sea l eve l. The monthly average temperature 
f luctuates from 26 C to 28 C; and the annual precipitation is about 
1,400 mm. Based on rainfall , the year can conveniently be divided into 
three periods: a dry period from January through April, a wet period 
from May through September, and a transitional period from October 
through December. These periods account, respectively, for less than 
10 percent, more than 70 percent, and about 15 percent of the total 
annua l precipitation. Evaporation from a Class A pan is about 6.0 mm/day 
during the dry period, 4.0 mm/day during the wet period, and 4.5 mm/day 
during the transition period (Gasperi, 1974 ). 
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Sosame is sown after the wet period crnp (corn or ri ce) ha s been 
harvested. At planting time, the soi l must be dry enough to be Norkable 
with machinery. However, because a minimal amount of precipitation is 
expected during the growing season of the crop, moisture in the soil 
profile must be high enough to supply adequate amounts of water for 
germination and further growth of sesame. Bascones (1967), working in 
the area, found that sesame grown after fallow shm;ed higher yield than 
sesame grown after corn. He considered that those differences ~<ere a 
consequence of the higher level s of soil moisture in th e profil e of the 
fallow plots at the time of planting. 
For 1968 in Portuguesa State, the percentages of the total area 
successfully sown and established during the planting period were as 
follows : 0.23 percent in September, 1.74 percent in October, 33.37 
percent in November, 60.62 percent in December, and 3.70 percent in 
January (Leon, Mazzani, and Gomez, 1972). The varieties used in the 
r egion require 90 to 106 days from planting to complet e harvesting, which 
must be done timely and in dry conditions. In one out of three years, 
appreciable precipitation occurs as early as late ~Iarch or early April, 
making it impossible or very difficult to complete harvesting. Thus, 
in thi s region, it is not recommended to delay sesame planting until 
January 1. The nonobservance of such recommendation has caused severe 
economic losses in some year s . 
Sesame needs a finely prepared seedbed Nhich is obtained in the 
region by going over the l and with a di sk tiller four or more times. 
In addition, just before planting, a tree trunk or other compacting 
device is pulled ove r the l anJ hy a tractor to i ncrease the capil l ar y 
rise of soil water to th e seed depth (Lcon ct a I., I 972). The so i I 
is not fertilized at the time of planting . However , sesame makes usc 
of the residual fertilization remaining in the soil after harvesting 
the preceeding crop. Rice planters are used to sow the sesame. The 
distance between rows ranges from 600 to 900 mm, and the amount of seed 
us ed ranges from 3 to 4 kg/ha, this is between 1.2 and 1.6 million seeds 
per hectare. For optimum yields, the recommended popu lation dens ity for 
es tablished sesame plants in the r egio" is about 325,000 plants/ha. 
Higher population densities creates excessive competition among plants 
and results in nonuniform maturity and decreased yie lds (FONALI, 1974 ). 
The depth of planting varies from 20 to 50 mm . A uniform depth of 
planting is recommended for a more uniform maturity . 
Low aggregate s tability in water and compaction tendency of soi Is 
in the region have been related to the abundance of parti cl es in the size 
r ange of silt and fine sand (P l a and Campero, 1971). The most damaging 
crusts are found during th e planting period of sesame. During this 
period, the prevailing soil and climato lological conditions are such 
that the soil surface dr ies r apid l y after a rain and greatly enhances 
the soil crust strength. Thus, if a rain occurs in the first 14 days 
after sesame is planted, th ere is high probability that a hard soi l 
crust will be formed and that the sesame seedlings will be unable to 
emerge through it . Even if the seedlings emerge, they may be seriously 
damaged by mechanical girdling of their stems at the crust l evel 
(~1azzani, 1971). 
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If a soi l c ru s t develops, t h<' farm<'rs usually prepare t he secdhe<ls 
agai n and r ep lant ses ame. At least t«o pa sses of a disk tiller and one 
pass of a soil surface compactor are needed to r epr epar e the seedbed. 
The repreparation cost is about $18/ha. Th e cos t of the sesame seed and 
the planting would average about $12/ha. Thus, the total cos t invo lved 
in repreparing the seedbed and r ep l anting sesame is about $30/ha . 
Due to the crusting problems in the period 1970 to 1974, onl y one 
out of 2. 4 sesame plantings was successful (~lazzan i , 19 77). Thus, any 
practice that would ensure adequate s tands of sesame by r eso l ving the 
crusting problems could be economical l y jus tified if its cos t were l ower 
than th e cost of 1.4 sesame plantings ($42/ha). 
By controll i ng soi l crust formation, a success ful sesame pl anting 
could be obtained earlier i n the pl anting period, wh en more avai l ab l e 
soil moi s ture is in the profile. In this condition, hi gher sesame 
yi e lds could be expected . However , the fi nancial benefit of ear l y 
p l ant i ng has not been eva luated. 
Seed Germination and Soil Water Content 
Most of the p l ants show optimal seed germination in ver y moist soils . 
However, many seeds can achieve some germination in very dry soi ls. 
Doneen and ~lacGillivray (1943) distinguished some vegetabl e seeds able 
to germinate in soil at the wilting point. Wheat seeds (Triticum aestivum 
L. showed almost 100 percent germination at -20 bar s water potential 
(O«en, 1952). With sesame , better seed germination is obtained between 
-3 and - 6 bars soi l water potential (Durand, personal communica tion). 
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Hadas (1975), working with chickpea (Ciee r aeritinum L.) found that 
reducing soil ~;ater potent ia l or the conduct i vity to water postpones 
germination, as expected, but to a Jesser extent than contact impedance 
does. For dry farming, he reconunends that the aggregates in the seedbed 
be no l arger th an one-fifth the seed size so as to ensure good seed-soi l 
water contact. If small seeds, such as sesame , are to be sown, this 
recommendati on cannot be met without pulverizing the soil. 
Soil Crusting 
Once seeds s t art to ge rminat e , emergence must occur with in a short 
time, before metabolic re serves are exhausted . Soil crusting is one of 
the main factors that reduces emergence of young seed lings. It acts by 
cr eating mechanica l resis t ance for the seedlings' emergence and by 
decreasing soi l aeration. 
The flexibility of fine seedling s t ems is hi gh. This reduces the 
axial force that can be exerted for given tissue pressures. Thus, when 
a soi l crust is present, fi ne seed lings ar e more affected than coar se 
seedlings (Arndt, 196Sb). In th e case of dicot yl edonous seed l ings, 
emergence requires the rupturing of the soil surface in a dome or cone 
that is l arge enough to accomodate the co t yl edons. Consequently, 
di cotyl edons are more affected by soil crusting than monocotyledons 
(~lorton and Buchele, 1960; Arndt, 196Sb) . 
Soil crusts are a l so problematic after emer gence has occurred. If 
a crust is fo rmed ar ound th e base of a young seedling , i t can cause 
the seed ling ' s dea th by heat gird ling (Arndt, 196Sa). 
Soil crusts resul t from the soi l structure hreakdown caused by 
raindr op impact (Mci nt yre , 1958) or by a slak in g process, consisti ng 
of mi nor expl os ions of air entrapped in t he previous l y dry aggregates 
(Emerson, 1956; Hill e l, 1960) . The fi ne particles are washed into and 
f il l the i nteraggregate space i n the i~nediate surface of the soi l. 
The deposition of suspended mat eri a l and the orientation of the c l ay 
particles may be factors in crus t fo rmation (Mcintyre, 1958). 
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Crusts show a lower degree of aggregation, a grea ter bulk dens ity, 
and a higher proporti on of particles smal l er than 0. 10 mm in diame t er 
than the underlying soi l (Lemos and Lutz, 1957). Therefore, they 
exhibit hi gher mechanical s trength than the same surface soi l in a non-
crusted condition. 
Crusts reduce water infil trat ion, increase runoff and soil erosi on, 
and decrease water use efficiency in both irrigated and non i rr igated 
cond i tions. Under wet conditions, crus t s dec r ease gaseous diffusion 
causing poor soi l aeration (Domby and Kohnke, 1956; Hanks and Thorp, 1957). 
However, it is consider ed that the mos t important detrimental e ffect of 
soil crus t s i s the mechanical obs truct ion to the emergence of seed l i ngs 
(Mille r and Gifford, 1975 ; Chaudhri, Brown, and Holder, 1976) . 
Th e modulus of rupture was s tudied by Richards (1953) . Since that 
time , the factors involved in the crus t ing phenomenon have been somewhat 
c l arified . The modulus of rupture is an index of strength. It i s used 
widely to determine the breaking force and to compare the binding s trength 
of s tructural materials. 
Working with fine sandy loam soi l, Richards (1953) reported that as 
the so il crust strength, measured by modulus of rupture, increased from 
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108 to 273 millibars, the emer gence of bcn n seedlings decrensed f rom 100 
to 0 percent. Allison (1 956) studied modulu s o f rupture of so il crus t s 
in a l oam soi l. For s<o>ed l i ng emergence , he found that the limit i n3 v:t lu e 
wa s be tween 1, 200 and 2 ,500 millibars. Both investigators dri ed t he 
artifi cia l soi l crusts at 50 C. 
Hanks and Thorp (1956) showed that wheat seed l i ng emergence wa s 
reduced when oxygen diffus ion rate was below 75 to 100 x 10- 8 g/cm 2/min; 
when crusts were present and no soil cracki ng was a l lowed, thi s corres-
ponded to an air pore space l ess than 17 percen t in a si lty clay loam 
soi l and less than 26 percent in a fine sa ndy l oam soil. For wheat 
seedling emergence, th ey found that the limiting modulus of r upture of 
the soi l crust was between 200 and 500 millibars, and appeared to decrease 
as the proportion of the avai labl e moisture decreased. 
Ha nk s and Thorp (1957) used a technique ~;h ich allowed independent 
variat ion in soil crust s trength, soil moisture at the seed depth, and 
so il t ype . They found that emer gence of wheat seed l i ngs through a crust 
was i nf luen ced by the s trength of the crust immediately around the growing 
tip and not by the strength of the entire c rus t . No relation ~<as found 
between wheat seedling emergence and seed spacing. Thus , they cons idered 
tha t modu lus of rupture is a re l iab l e measure of soil crus t s trength wi th 
respect to seedling emergence of ~<h eat and probab l y of similar p l ant 
seedlin gs such as grain sor ghum (Sorghum vutgare L. ). They indicated 
tha t increments in soil crust strength from 0 to 1,400 millibars resulted 
in r educt ion of seedlin g emergence for wheat, grain so r ghum and soybeans 
(Soja max L .). 
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Lemos and Lutz (1957) reportC'd that in artificially prepared soil 
c rusts, the modulus of rupture was increa~ed: l>y compacting the so il in 
the molds us ed to pr epare the artificial soil crust, by the moistur e 
content of the soil at the time of compaction, by the beating effect of 
raindrops, by pudd ling the soil before putting it in the molds, and by 
longer periods of drying at 105 C. There was a decrease in the modulus 
of rupture with successive cycles of wetting and drying. These authors 
tested nine soils with known type of clay and mechanical composition. 
They remarked that when only a smal l fractio~ of 2:1 type clay was present, 
the modulus of rupture was more c lose l y related to the silt content than 
to any other fraction or group of fractions, but as the content of 2:1 
type of c lay increased it became the regulating factor affecting the 
strength of the soil crust s . 
Hanks (1960) used the same technique reported by Hanks and Thorp 
(1957) for crusting studi es, but measured the modulus of rupture for 
crusts dried at SO C rather than at 105 C. Hank s studied varied crust 
strength from 0 to 11,200 millibars in a silt loam soil, and found it 
difficult to fix a limiting va lue of soil crust strength for emergence 
of wheat, grain sorghum and soybeans. The limiting value increased as the 
soi l moisture content at the seed level increased. The soi l crust strength 
increased as the moi sture content of the crus t s, at the time crusts were 
broken, decreased . He also noticed that in four tested soils, a one-
hour application of rain at an intensity of about 47.5 mm/hour increased 
the soi l crust s trengths more if the soils were air dry than if the soils 
were previously wet. 
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Hillel (1960) carried out a soi l crus t s tudy in conditions wh ere 
disturbance by rain fall was absent. For a loessial soil from the ar id 
Negev of Israe l, he found a high corre lati on between the degr ee of 
saturation at wetting and the degr ee of densifica tion upon drying . He 
pointed out a conceivab le identification of the zone of crus tin g with 
th e zone of saturation in the infiltration process . Crusting was 
r ecognized to be a positive function of wetting duration. However, th e 
rate of slacking appeared to decrease with time. 
In a field experiment, Bennett, Ashley, and Doss (1964) determined 
t he force required to pull a fishin g l i ne through a soil crust. They 
used the force requirement as an i ndex of soil crus t strength . Th eir 
measurement s were negative l y re la ted to cotton (Gossypiwn herbacewn L.) 
seedlin g emergence. 
Parker and Taylor (1965) compressed s i x different sandy soi l s . For 
two of them they found that incremen t s of soi l crus t s trength i ncrease , 
measured by a soil penetromet er, caused progressive decreases in sorghum 
seedlin g emergence. In the other four soi l s, crust strength induced 
decreases in sorghum emergence when its va lue was high er than 3 bars. 
In the six soils they studied, sorghum seed lin g emergence was abs ent 
when the soil crust s trength r eached 18 bars . Soi l t emperature, in a 
ran ge of 21 C to 35 C, did not affect emergence of sorghum. Th ey 
determined that incr eases i n planting depth s li gh tl y r educed sorghum 
seedling emergenc e, but markedly reduced guar (Cyamopsis t etragonolobus ) 
seedli ng emer gence, 
ll'anj ura, Hud speth and Kirk (1966) conducted a field experiment on a 
loam and a fine sandy loam soi l in which compaction, resulti ng from the 
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surface presser wheel s during cotton plan t.i ng, was measured by penetro-
meter. They notice<! that maximum soi l strength usually took place 2 days 
after planting, and that maximum soil strength pressures as low as 1.4 
bars reduced final cotton emergence 10 percent below the nonpressed 
treatment. 
Arndt (1965a) considered that the mechanics of seedling emergence 
is too variable and complex to be expressed by modulus of rupture 
determinations. Arndt, after field observations of seedlings tha t failed 
to emerge, developed a device for direct measurements of the mechanical 
impedance of soil crust from below--an approach that he estimated was 
in accordance with field experience. 
Holder and Brown (1974) recognized that a direct measurement of the 
mechanical impedance of soil crusts from below is a reali s tic approach 
to achieving a comprehension of the factors regulating soil crust 
impedance. They improved the method proposed by Arndt (1965a) for meas-
uring soi l crust impedance. Soil was placed in boxes that were fitted 
with guided tubes to permit a probe to penetrate the soil crust from 
below. The crusts were formed by simulated r ain. They remarked that 
for the loam soil that they studied, crust impedance increased as the 
soil dried, then decreased upon further drying as cracking increased. 
Maximum impedance occurred when the soil crust moisture was about 2.5 
percent. 
liadas and Stibbe (1977) measured the resistance, from underneath, 
of natural soil crusts by using a pocket penetrometer. Their results 
indicated that the crusts formed on disked fields were nearly twice as 
resistant to penetration as those formed on plowed fields . In the 
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studied ar ea, impaired emerge nce o f wh eat w;1s att ribut ed to so i I c ru sting . 
tlm .. 'cvcr, no re lation be tween wh eat s tand ~ wcC"ks aft e r rainfa ll and tht~ 
c rus t res i s tivity to penetrntion wa s found . They s ugges t the impair ed 
whea t s tand might be due to the fact that the seedling coleoptile 
r eached the crusted top soi l aft er drying time was enough to incr ease 
th e soil crust s trength. 
Increas ing Seedling Emergence in Crusting Soi l s 
The literature gives several physi ca l and chemical management 
techniques which in particular conditions have impr oved seed ling 
emergence in crust-susceptible soil s. 
For cotton on the Texas High Plains , a sha llow plant ing depth (25 to 
50 mm) i s recommended to reduce the time between planting and emer gence. 
Thus, if i t rained after planting, seedlings were less affected by soil 
crusts (Jones, Hudspeth, Ray, Thaxton, Wal ker, Owen, and Lane, 1956) . 
Ca rnes (1934) pointed out that the injury t o cotton seed ling stands, 
caused by crus t formation can be avoided by proper preparation of the 
seedbed before and at the time of p l anting . For planting cotton he 
r ecommended some compaction of soil around the s eed to provid e a fi rm 
footin g for the seed ling in breaking through the crust and a more 
efficient use of moisture present in the soi l. His r ecommendation was 
supported by laboratory s tud ies conducted by Horton and Buchel e (1960). 
For highest seed ling emergence, they recommended th e development of 
planter s able to: pack the soil below the seed leve l, pres s the seeds 
into this soi l layer, and then cover the seeds with loose soil. 
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Previously soaked seeds ma y exhihit a more r<~phl seed germ inati on 
(~lorton and Buchelc, 1960). With the soaking pro cedure, adequate 
seedling emer gence could t ake place befor e the soil crust dries. 
Kemper and Miller (1975) expressed that one possibility for obtaining 
emergence through crusts was that of planting the seeds more dense than 
the desired s tand. With this method, more seedl ings may emerge through 
cracks or may develop cracks by gr oup force. 
In a fine sandy loam soil with crusting t endency , Bennett et a l . 
( 1964) determined that altering the geometric char ac teri stics of the 
soi l surface resulted in a moderate increase in cotton seedling emergence. 
Cotton emergence increased from 10 percent in the flat conventional 
planting to 35 percent when cotton was planted between ridges perpen -
dicular to the wind. 
Cary (1967) found in gr eenhouse and field experiments that sat i sfac-
tory s t and s of lettuce (Lactuca sativa) and carrot (Daucus caPota ) could 
be obtained by planting single seeds in holes, as deep as 60 mm, punched 
th rough soil crusts. He recommended the punch planting method in areas 
where a stabl e soil crust forms and where heavy rains are not expected 
during the germination and emergence period. Heinemann, Cary and 
Dilworth (1973) designed an experiment al machine for punch planting of 
small seeded row crops. They a l so determined, i n a greenhous e study, 
tha t the soil surface around the holes could be further stabi li zed if 
the seed row was shaped into a convex form about 13 mm high and then a 
soi l s t abili zer was appli ed. 
Hanks (1960) pointed out that methods to minimize soil drying, such 
as a s t ab l e mulch, could be appropriate to reduce crus t s trength and 
increase seedling emergence. Bennett ct al. (l9b4) tested several 
physical and chemical methods of t"e<ilJ<"ing the soi l crusting that 
resu 1 ted when s imulatcd rain ~<as app I i cd . lie found that cotton 
seedling emergence was greatest where a black plastic film was placed 
over the row for 5 days after the seeds were sown. Sale and 
Harrison (1964) reported that a wet crust did not affect emergence 
of spinach (Spinacia oZePaceae), beet (Beta vuZgaPis) and lettuce. 
They also pointed out that smaller waterdrops caused little or no 
soi l crusting and t ended to increase seedling emergence. 
19 
Light and frequent irrigations with sprinkler systems may be 
practical during the emergence period of weak seedlings. This prac-
tice helps to reduce the soil crust strength by keeping the soil 
surface moist . Kemper and Miller (1975) reported that i n the Imperial 
Valley, California, it was a common practice to plant lettuce and other 
high-value crops in beds and to keep the soil moist using portable 
sprinkler systems for the 7 to 10 days needed for emergence. After 
seedling emergence had been completed, furrow irrigation ,;as used. 
Hoyle, Yamada and Hoyl e (1972) found that by rototilling wet soils, 
a homogenous mixture of new aggregates was formed. This method of 
pr eparing seedbeds , called aggresizing, reduced the size of l arge clods 
and former larger aggregates from fi ne dust by puddling it. 
In field experiments on Panache clay loam, in which watering was 
supplied with furrow irrigation at weekly intervals, emergence of 
severn! vegetable crops in aggresized soil was greater, more uniform 
and 3 to 5 days ear l ier than in nonaggresized soil. These effects 
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were related to a s l ower crust formation in the aggresized seedbed 
(Hoy l e and Yamada, 1975). Aggresizi ng may not be useful i n soi l s wh ere 
aggrega tes readily slake wh en wet. 
Add it ion of organic matter to so il s has long been recogni zed as 
a bene fic ial practice in the management of soi l structure. Its effects 
are derived from its conversion to or-ganic bindings substances which 
are predominant l y r esponsib l e for the stabi li zation of soil surface 
aggregates (Harri s , Chest ers and All en, 1966). Nutta l l (1970) reported 
that peat, manure, s traw and sawdust ammendments, applied to a soil 
l ow in or gani c matter at a rat e of 2.5 percent by weight , r educed the 
soi l crust strength and i ncrea sed t he emergence of rape (Brassica 
napus L. ) in a growth chamber. 
Plant residues used as surfa ce mulchs absorb part of the energy of 
the falling raindrops; thus , t hey may reduce soi l cru st formation 
(Carpen t er and Wats on, 1954) . Ahmad and Roblin (1971) indi cated that 
baggase (sugar cane pul p) and pen manure used as surface mulches 
increased water infiltrati on but were not effect ive in improving l et tuce 
seedling emergence. 
Qashu and Evans (1967) found that black granu lar coke material 
applied on the soil surface resulted in a friable soil crust as compared 
with a hard crust on the bare soi l . 
Many low-strength material s have been used in the soil immediately 
over the seed row t o increase seedl i ng emergence in crus t suscept ibl e 
soil s. In an emer gence study of direct-seeded tomatoes (Lycopersicon 
esculentum L.) in a clay loam soi l, Ell s (1967) found that u s ing perlite 
in the seed fur r ow was a more practica l me thod of increasing emergency 
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than either sa nd in the seed row or as ph a! t emulsion sprayed over the 
seed row. 3 Perlite, at a rate of 25 em per m of row, induced a fissure 
line in the seed row and a concomitant increase in seedling emergence. 
Whil e planting lettuce seeds in soil depressions on a 13 mm square grid, 
Ririe and Huffman (1969) noticed that covering the seed with vermiculite 
or coke instead of soil improved lettuce stands and offered better 
possibilities for precision planting. Ririe and Hills (1970) trying 
to obtain satis factory sugar beet (Beta vulgaris L.) emergence in soils 
with crusting problems, found that vermiculite in the seed row ,;as 
more effective than coke. In the two above s tudi es , vermiculite was 
sprayed ,;ith polyvinyl acetate to prevent it from blowing or washing away . 
Wilcox and Johnson (1971) deve loped integrated equipment for direct 
seeding of tomatoes in the hwnid midwestern United States on soils ~<ith 
crusting tendencies. A strip of soil ahead of the seeding unit was 
rototilled to a 25 mm depth to keep moisture moving up to the seed by 
capi llarity. Plant population was controlled by releasing seeds in 
clumps at the required distances. Starter fertilizer was sprayed on 
the seed; and anticrustant was applied on the seed furrow at a rate of 
160 cm3/m of row. The anticrustant was then firmed against the soi l by 
a press ~<heel with a concave surface. In a field experiment, these 
authors found that vermiculite, sawdust compost, and petroleum coke 
were more effective as anticrustants than per l ite. 
Chaudhri et al . (1976) worked with a fine sandy loam and a silty 
clay soil in a greenhouse in which crusting was produced with simulated 
rain. They noticed that I< hen manure was added in a 25 mm band over the 
row and mixed with the soil, cracks opened as the soil dried and the 
impedance to penet r ation of the crust from below was reduced. 
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Johnson and Law (1967) reported th at in ca l careous soi l s concen-
tra t ed sul furi c acid appli ed in 40 to 50 mm bands over t he pl anted row 
resulted i n 42 to 54 percent . i ncrcases in sugar beet emergence. A 
thin fri able film of gypsum was formed in the treated band wh ich 
comp l e t ely prevented soil crust formation. However, these authors 
pointed out that th ere were many dangers and haza rds in applying concen-
trated sulfuri c ac id. Robbins, Car te r and Leggett (1972) found that 
dilute phosphori c acid sprayed over the seed r ow on a calcareous 
si lt l oam soi l increased sugar beet seedling emergence by reducing 
soi l c ru sting. An application of 69 kg/ha of elementa l P--app l ied as 
phosphoric acid diluted with 650 to 1,300 l iters of water was effective 
in reducing soil crus ting and a l so supp l ied the phosphorus needed for 
the crop. The increased water s tability of the soi l aggregates in 
the treated bond was beli eved t o result from the s lightly so lubl e Ca 
and ~1g phosphates formed which acted as cementi ng agents. 
Hemwal l and Scott (1962) determined the abi l ity of a chemica l , 
4-tert-buty l pyrocatechol, as a fracturing agent in crusting soi l s. 
They reported that rates between 150 to 200 ppm of the chemica l in the 
seed row caused se l f-mu l ching (in t ense microcracking) of the crusts 
and increased emergence of radish (Raphanus sativus) seedling. Bennett 
et a l . (1964) i ndi cated that a soi l fracturing agent wa s very effective 
in improving cotton seedling emergence in a fine sandy soi l with 
crusting tendency . 
Crusts that form above young seedling can be mechanically disrupted 
by shallow cultivation with crust-br eaking equipment such as a culti-
packer, rotary hoe, finger weeder, or a spring- tooth harrow. 
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Cultipackers have been the mo st successfu l as crus t breaker eq uipment 
(Kemper and ~Iiller, 1975). "Inc cultipackcr is formed by a series of nar-
ro\v ~ toothed wheels placed over a s m;J 11 er supportj ng tuhe. The 1 oose 
arrangement of the toothed wh ee l s allows onl y the weight of each individ-
ua l toothed wheel to press on the soi l surface. This breaks t he surface 
crust but e limina tes excessive packed areas and reduces soil movement to 
the lm;est possib l e degree. This crust breaking practice is of little 
value if the soil crust is severe and/or the seedlings are very weak. 
Effect of Synthetic Soil Conditioners 
Since soil conditi oners (chemical material s used to improve soil 
physical conditions) were introduced in the early 1950's, a good correla-
tion has been found between the increased aggregate stability and reduced 
soil crust strength (Allison and Moore, 1956; Myhrman and Evans, 1969). 
Reduction in soil crusting and increased seedling emergence have 
been reported along with sharp yield increas es in vegetable crops when 
synthetic soil conditioners were applied (Allison, 1956). However, the 
costs of commercial applications at the rates used in these early experi -
ments was prohibitive for agricultural purposes. 
New and cheaper soil conditioners, with a wider range of usefulness, 
have been developed in the last several years. In relation to these 
new possibilities, Gardner (1972, p. 1053) gave the followin g recom-
mendation: 
It may be well to concentrate major research and development 
efforts in areas where the best chance for economic application 
may be anticipated and to avoid the over-extension and over-
enthusiasm which helped to speed the decline in interest in 
soil condi tioners of the late 1950's . 
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Bennett et al. (1964) reported that in a fine sandy loam soil with 
crusting problems, "sphalt emulsion sprayed on the planted seed row at 
the rate of 115 liter/ha, after dilution of 1:5 in water resulted in a 
greater reduction in soil crust s trength and a greater increase in 
cotton seedling emergence than the incorporation of Krilium (Vinyl 
acetate-maleic acid copolymer) at a rate of 2,450 kg/ha into the top 25 
mm of soi l before planting. Ells (1967) indicated that asphalt emulsion 
sprayed on the soil surface increased emergence of direct seeded 
tomatoes in a clay loam soil with crusting problems, but perlite in the 
seed furrow was a more effective treatment. 
De Boodt (1972) considered that in many agricu ltural soi ls there is 
a lack of bonding between clay domains and sand particles, and that 
stability of the soil aggregates could be increased by creating such 
bonds. When emulsions are applied to a soi l, the micelles migrate to the 
points of contact between the soil particles, particularly between sand 
particles or between clay domains and sand particles. Thus, emulsion-
based soil conditioners could be effective in creating such bonds. He 
explained the interest in the use of asphalt emulsions as soil condi-
tioners on the basis that asphalt is a cheap product which can be 
easily emulsified. 
Asphalt emu l sions may have different charges depending upon the 
emulsifier used. If the applied asphalt emulsion is more anionic, the 
water-soil contact angle is greater, making the so il more hydrophobic. 
Gabriels (1972) conducted a l aboratory study in which water was applied 
with a rainfall simulator. He observed that when an anionic asphalt 
emulsion was sprayed over loam soil aggregates of two size ranges 
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(20-8 mm and 8-2 mm) the water infiltration remained high and the aggre-
gates did not rupture. l~hen asphalt emu l sjons were mixed with 2-8 mm 
aggregates, the aggregates were so hydrophobi c that no water infiltration 
occurred, and small stable aggregates were carried in the runoff water. 
Similar resu l ts were obtained by Gabriels, ~loldenhauer and Kirkam (1973) . 
Gabriels, De Boodt and Minjauw (1974), in a laboratory experiment, 
found that anionic asphalt emul sion , polyacrylamide (with cross -l inkage) 
and polyvinyl acetate used at optimal rates s t abi li zed a dune sand 
against raindrop impact. Optimal rates were sensib l y lower in surface 
applications than in incorporated treatments (0-50 mm depth); and the 
most economical treatment was anionic asphalt emulsion . They pointed 
out that the amount of the chemicals that must be app li ed to give satis-
factory stabilization can be reduced by trea ting only the soil over the 
seed row. 
In recent trials conducted in Belgium, Indonesia, ~lalaysia, 
Thailand, Iran and Tunesia, De Boodt (1977) found that in almost all 
cases, seed ge rmination (emergence) increased when an anionic asphalt 
emu l sion (Homofina B-2864) was applied to the soi 1. 
Surface applications of petroleum resin-in-water emulsion were 
recogni zed in California as beneficial in promoting early germination 
and estab lishing stands in several vegetable crops. The mechanism for 
the beneficial effect was thought to be an increase in soil temperature 
and a reduction in water evaporation (Takatori, Lippert and Whiting, 
1963) . Lyl es e t a l . (1969) found that a petroleum resin-in-water emul-
sion (Coherex) in dilution of 1:4 in water was a very effective and eco-
nomical temporary trea tment for wind erosion control, and also increased 
bean seedling emergence. 
Lange (1971) t 0s ted polyacryl3tc, aspha lt emulsion and oi 1-btcx 
emulsions as surface stabi l izers against water emul sion. Independent 
of soil type, oil-latex emulsions were the most effective treatments. 
Armbrust and Dickerson (1971) indicated that a styrene-butadiene 
copolymer latex emulsion (SRB Latex S-2105) diluted 1:10 with water 
was a practical treatment for wind erosion control. 
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Polyvinyl alcohol (PVA) has been r ecognized by a number of workers 
as an effective compound for stabilizing soi l aggregates. Emerson (1956) 
pointed out that the attachment between clay surfaces and PVA is appar-
ently by hydrogen bonding between the oxygens in the clay surface and 
the hydroxyl groups of the PVA. Stefanson (1973) studying PVA as a 
surface soil stabil i zer found that the most effective soil stabilization 
was obtained by use of optimal-sized PVA (molecular weight about 70,000) 
and by applying when the soil was wet. When applying under these condi -
tions, it is probab l e that a better distribution of PVA in the pore 
system was obtained. 
Carr and Greenland (1973) observed that PVA with a lower molecular 
weight was able to penetrate deeper in l arge aggregates of a heavy c lay 
loam soi l, but PVA with a higher molecular weight was more effective in 
improving stability of the soil aggregates. Stefanson (1974) reported 
that in a fine sandy loam soil the strength of a wet crust presumably 
decreased wheat seedling emergence, but applications of PVA at rates 
as l ow as 150 kg/ha increased seedling emergence from 35 to 90 percent. 
Oades (1976) stabi li zed the surface soil of a fine sandy l oam through -
out the growing season by spraying the soil with an aqueous solution 
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of PVA at rates of 80-100 kg/ha. Crust formation ~<as prevented and 
wheat seed ling emergence was inc reased . Ca rr and Greenland ( 1975) fou nd 
that PVA in 0.02 ~~ CaCJ 2 so lution was more effectiv e for structura l 
improvement of sodic soils than PVA in aqueous solution. 
A diluted polyvinyl acetate (PVAc) emul s ion at a rate of 500 
liters/ha sprayed on the surface was able to stabilize a dune sand against 
the impact of raindrops (Gabriels et a!., 1974). Carr and Greenland (1975) 
reported that in a sandy l oam soil, the l owest application rate of four 
PVAc emulsions (0.03 percent on a weight basis) increased ryegrass 
(Lolium perenne ) seedling emergence from 41.7 to about 70.0 percent. 
Armbrust and Dickerson (1971) found that a protein colloid 
(Technical Protein Colloid 5-V) sp r ayed on th e soil surface at a rate 
of 120 kg/ha effectively controlled wind erosion and sho.-ed an appre-
ciab l e resistance to natural weathering . 
Myhrman and Evans (1969) indicated that addition of 0.4 percent 
(by ~<eight) of dry, powdered hexad ecano l decreased the modulus of 
rupture by 57 percent in a silt loam soil and by 65 percent in a sandy 
loam soil. Lower rates and emulsified hexadecanol sho.-ed l ess effect. 
Polyacrylamide (PAM) solutions at rates of l ess than 500 kg/ha have 
proven effective in achieving good soil aggregation and stabilization 
(De Boodt , 1972). In silty loess soi ls over Northwestern Europe, poor 
sugar beet seedling emergence is obtained because of soil crust forma-
tion. In that region 0.2 percent PAM solution sprayed in 100-mm bands 
over the seed ro1;s has promoted good sugar beet stands by reducing 
crust formation (De Boodt, 1975) . 
~IATERTALS AND ~1£' '1110DS 
Relationship between Precipitation and Yield 
of Sesame in Venezuela 
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Precipitation data (mm) obtained from the Colonia Turen meteorolog-
ical station (Portuguesa State, Venezuela) wer e related to th e nationa l 
yearly sesame seed production per unit of area (kg/ha) for th e per iod 
1957-1976. The Colonia Turen meteorological station is locat ed in the 
middle of the productive sesame area in Venezuel a (09°16' N, 69°06'W; 
150m above mean sea level). 
In this analysis the precipitation data were classified in rela-
tion to four planting dates >e l ected arbitrarily as typical of the 
area. These were November 30, December 5, December 10, and December 15. 
Two multiple linear regression equations (referred to here as equations 
I and 2) were calcul ated to fit the 20 years of data for each planting 
date. 
The fir s t equation relates the annual sesame yield to two precipi-
tation variables: (1) the accumulated precipitation from ~lay 1 to 
planting date and (2) precipitation for the period January 1 to the 
last day of February. The second equation relates the annual sesame 
yield to the same two precipitation variables included in equation 1 
plus an additional term, the accumulated precipitation for th e 20-day 
period following the planting date. 
The determination coefficients (r2) obtained for the two equations 
were compared to each other. Such comparisons indicate the relative 
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importance of the precipitation that falls in the 20-day period 
immediately folloh.i.ng seeding jn affecting sesame yields . ll1is precipi-
tation is, in turn, associated 1dth soil crus tin g problems. 
Soils Us ed and TI1eir Characterizations 
The s tudy "as conducted on surficial samples (0-200 mm) of tl<O 
Utah soils and four Venezue l an soi ls. TI1 e tl<o Utah soils "ere se l ected 
because their textures r esemb l e those of the soils commonly used t o 
produce sesame in Venezuela. Three of the Venezuelan soils l<ere ob-
tained from the sesame production area and the fourth Venezuelan soil 
sample came from an area in l<hich sesame culture has recentl y been intro-
duced. 
One of the Utah soils "as Parlo silt loam (Calcic Argixcrolls) 
l<hose surficia l co lor is classified as dark grayish brown (10 YR 4/2) 
dry, and very dark brown (10 YR 2/2) moist. TI1e other Utah soil l<as 
Nibley silty clay loam (Aquic Argiustolls). Its surface color is 
classified as light brownish gray (10 YR 6/2) dry, and very dark grayish 
brown (10 YR 3/2) moist (Erickson and Mortensen, 1974). 
Two Venezuelan soil samples were silt loam with surface color 
categorized as grayish brown (10 YR 5/2) dry, and very dark gray (10 YR 
3/1) moist. TI1ese samples were taken in the Turen region in the Wes tern 
Plains of Venezuela , a few kilometers southwest of the town of Villa 
Bruzual. The two samples l<ere collected about 30m apart. They differ 
in the fact that one soil has been in crop production for 30 years and 
the other has remained under natural forest. These two soils are termed 
here as Turen and Nontilled Turen . 
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The third Venezue l an soi I sample (here named Agua Blanca) wns 
col l ected in Po r emJiz Experiment:l l l' icl d , Agun ll l nnca, Iocatc'd in t h ~ 
Western Plains of Venezue l a. The soi l is a silty c l ay loam clas s ified 
as Aerie Tropaquept s. The surface color is dark gr ayish brown (10 YR 
3/2) mois t (~1. 0. P. , 1972). Th is soi l has been in agricultura l use for 
the last 30 year s. 
The four th Venezue l an soi l sampl e, here termed Guanipa, was 
obtained i n t he Mesa de Guanipa Agricu l t ura l Experiment Station in 
the Eas t ern Pl ains of Venezuel a. This soi l has been dedicated to crop 
product ion fo r about 15 year s, and i t s or i ginal pH has been modified 
by continuous limi ng. Guanipa is a sandy soil and its surface color is 
categorized as ye ll owish red (5 YR 4/6) dry, and dark reddish brown 
(5 YR 3/3) moist. 
Mechanica l anal ysis was run i n t rip l icate on each soi l usi ng the 
hydrometer and wet sieving methods (Day, 1965). A soil water character-
istic curve was determined for each soil using pressure plates (Soil 
~Joisture Equipment Cor p., Santa Barbar a, California). The pressures 
applied wer e 0 . 01, 0 .1 0, 0.33, 0.50, 0.75, 1.00, 2.00, 5.00, 10.00 and 
15 . 00 bar s. 
Or ganic ma tter was det ermined by the Walkey and Bl ack modified 
method (Wa lkey and Bl ack , 1933) and pH was measured on saturat ion 
ext rac t s by s tandard methods. Ca l cium and magnesium wer e det ermined on 
the sat ur ation extract wi th EDTA , and sodi um was measured wi t h a f l ame 
phot omet er (U. S. Salinity Lab. St aff , 1954). Based on these dat a, the 
sodi um adsorption r atio (SAR ) for each soi l sampl e was ca lcul ated. 
Soil Conditioning Experiments 
Seven commercially available soil conditioners were tested for 
their e ffectiveness in reducing soil crusting and their influence on 
sesame seedling emergence. The soil conditioners are described in 
Table l. The experiments were conducted under greenhouse conditions 
in hard plastic pots and wooden boxes during the period March 21 to 
June 22, 1977. Daily evaporation was measured with a 152.5 mm 
diameter free evaporating surface. Evaporation data are shown in 
Appendix B (Table 19). 
Pot Experiments 
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Square plastic containers (78 mm on the bottom edge, 94 mm at the 
top edge, 78 mm deep, and hJving four lateral holes for drainage) were 
used. The bottoms of the containers, including the lateral holes, were 
lined with four sheets of newsprint. An 80 g sample of air dried coarse 
s and was placed in the bot:tom of each pot--this formed a 7 mm layer. 
Samples of the test soils that: had been equilibrated to a soil matric 
potential of about -3.0 bars and sieved through an 8 mm square-hole 
sieve were weighed and placed in the pot. The weight of the test soil 
used was sufficient to produce a 40 mm layer in the pot. 
In preliminary studies conducted with Parlo soil, it was found 
that sowing of 8 or more scattered sesame seeds per pot resulted in the 
crust being lifted by the combined effort of the emerging seedlings. 
Because of this, a densit:y of four seeds per pot was selected as ade-
quate for this study. The four sesame seeds (variety Aceitera) were 
placed on the soil surface, each one at a point halfway between one 
Table 1. Li st of soi l conditioners, manufacturers, characteristics, and market pricesa 
Material 
A~1SCO Res 4072 
Aerospray 70 
Cationic Asphalt 
Emulsion 
Coherex 
Elvanol 71-30 
Humofina B- 2864 
Technical Protein 
Colloid 5-V 
Manufacturer 
Union Oil Company of 
California, LaMirada, 
California 
American Cyanamid Co., 
Wayne, New Jersey 
Bitumeca S.A., 
Caracas, Venezuela 
Witco Chemical Corporation, 
Bakersfi eld, California 
du Pont de Nemours and Co., 
Inc., Universal City, Cal . 
Labofina S.A., 
Brussels , Belgium 
Swift Chemical Co., 
Chicago, Illinois 
Type of material 
Liquid, styrene-butadiene 
copolymer, latex-in-~<at er 
emulsion 
Particle 
charge 
None 
Liquid, polyvinyl acetate, 
resin-in-water emulsion Cationic 
Liquid, cationic 
asphalt emulsion 
Liquid, petroleum 
resin-in-water emulsion 
Cationic 
None 
Po~;der, polyvinyl alcohol, None 
solution in water 
Liquid, anionic asphalt 
emulsion 
Dry granular, protein 
colloid, 15-16 % N, 
solution in water 
Anionic 
Cationic 
~1arket price 
$/kg or $/1 
1.18 
1. 08 
0. 19 
0.24 
1. 93 
0 . 23 
1.58 
aThis information is included for convenience of readers and not to impl y endorsement by the author. 
"" N 
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corner and the central point of the pot . The seeds were covered with 
a weighed soi l sample sufficient to make a 20 mm layer . Each soil layer 
was packed by gentl y shaking and tapping the pot. 
Estimations of the initial soi l bulk densities in the pots indicated 
the following values in g/cm3: 1.44 in Guanipa, 0.99 in Turen, 0.91 in 
Nonti ll ed Turen, 0.91 in Agua Blanca, 0.96 in Parlo, and 0.95 in Nibley. 
Pot Experiment 1. This experiment was carried out on Parlo soil. 
Each treatment consis t ed of an amount and a dilution of a particular 
soil conditioner applied on a pot. A list of the soil conditioners is 
given in Table 1. Products such as Elvanol 71 - 30 and Technical Protein 
Co ll oid 5-V, which are so ld in the solid state, needed to be dis solved. 
Water heated to 90 C was used as the so lvent. Once disso lved, these 
so lutions were stable at ambient temperature. 
The treatment s were applied immediately following planting. 
Twenty-six treatments, replicated eight times were performed. The 
treatment s are given in Table 2. The chemicals were applied on the 
soi l surface using a hand pump sprayer. 
The pots were placed side by side and their l ocation randomized 
within each replication. Two days after sowing, all of the treatment s , 
except the subwatered control trea tment, were subjected to a 50 mm/hour 
intensity simula t ed rain for 30 minutes . The control subwatered treat-
ment was watered by placing the pots in a tray containing water; thus, 
the soil was wetted from the bottom. The pots were l eft in the tray 
un til the soil surface looked saturated. 
The simu l ated rain was provided by a rainfall simulator described 
by ~la l kuti (1975, p. 22) as follows: 
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Table 2. List of treatments ; n Po t Experiment I 
Chemica 1 Treatment l<at e 2pc r Dilution Diluted Chemica 1 No. m rat ioa volume cos t 
1/hab $/hab 
None - Control 
Subwatered control 2 
Techni ca l Protein 3 3 g 1: 100 soo 7 .90 
Co ll oid S-V 4 6 g 1 : 100 1000 1 s. 80 
Coherex s 20 ml 1:10 333 8 . 00 
6 40 ml I: I 0 667 16 . 00 
MfSCO Res 4072 7 4 ml l:SO 333 7.87 
8 8 ml 1: so 667 lS. 74 
9 4 ml 1:1 00 667 7.87 
10 8 ml 1:100 1333 I S. 74 
Aerospray 70 11 4.S ml l:SO 37S 8.10 
12 9 .0 m1 l:SO 7SO 16 .20 
13 4 .S m1 1 : 100 7SO 8 . 10 
14 9.0 ml 1:100 l SOO 16. 20 
El vano1 71- 30 1S 2.S g 1:100 417 8 . 04 
16 s. o g 1:100 833 16.08 
17 2 . S g I :200 833 8.04 
18 s.o g 1: 200 1667 16 .08 
Humofina B-2864 19 2S ml 1: I 0 41 7 9 . S8 
20 so ml 1:1 0 833 19. 17 
21 2S ml 1:20 833 9.S8 
22 so ml 1: 20 1667 19. 17 
Cati onic Asphalt 23 2S ml 1:10 417 7 .92 
Emulsion 24 so ml 1:10 833 lS.8 3 
2S 2S ml 1:20 833 7 .92 
26 so m1 1:20 1667 1S.83 
~Chemical-to-final vo lume ratio . 
Va lues are referred to application on l /6 of the total surface. 
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I. Water chamber- -60 . 92 centimeter (2 feet) by 60.92 em by 2.54 em 
(one inch) box made of pl ex i glnss. 
2. Flow meter- -which is attached to the reservoir to mea su re t he 
rate of flow regu lated by the tubing clamp . 
3. Reservoir--S gallon polyethylene container which provided dis-
tilled water to the water chamber through a small tube . 
4. Electric motor--powered by a 6 volt battery to rotate the wa ter 
chamber for better distribution of the rain drops. 
5. Hypodermic needles--51 7 stainless steel tubes with 0.159 milli-
meters (0.00625 inches) wall thickness, 0.635 mm (0.025 inches) 
outer diameter, projecting 3.175 mm (l/8 inch) above and 9.525 
mm (3.8 inch) below the plexiglass. 
In this study, the reservoir was filled with tap water instead of 
disti ll ed water. The apparatus produces water drops 2.5 mm in diameter. 
The vertica l falling distance of the water drops ~<as regulated at 1.05 
m which gave an impact velocity of about 4 . 5 m/sec a t the soil surface. 
Since the rain was applied at SO mm/hour intensity for a 30-minute per-
iod, the kinetic energy of the rainfall was 253 joules/m2. 
Using this apparatus, it wa s possible to water 25 pots simultane-
ously . The pots were placed on a flat wooden board that was rotated 
by hand to improve the distribution of the raindrops. The time 
necessary to reach ponding conditions in each treatment was recorded . 
Five days after the first irrigation, the pots were weighed and a 
s light watering was given to all the treatments. The pots were se t in 
a pan and ~<ater was added to the pan to form a layer 30 mm deep. Each 
pot was allowed to soak up water until its weight was 10 g gr eater than 
its weight at the beginning of the experiment. This method of watering 
the soil did not disturb the soi l crust that had formed. 
Seedling emergence counts were taken daily until no additional 
emergence occurred in any of the pots for a 24-hour period. When 
seedling emergence stopped, the surface crust strength was measured 
mechanically. In four of the eight replications, the soil crust 
s trength was mea sured using a modified version of the Ar ndt method 
(Arndt, l965a) (s ec Figure l ). For th e other four r ep l ications, the 
soi l crust strength measurement wa s made using a pocket penetrometer 
(Mod e l CL-700, Soiltest Inc., Chicago, Illinois). (See Figure 2 . ) 
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In the modified Arndt method, a measurement is made of the ener gy 
r equired for a hemisphere- shaped cap, 9 mm in diameter, to pierce the 
crust from 15 mm below the soil surface. That energy is t ermed 
impedance. To accomplis h the measurement, pots were provided wi th a 
hard plastic tube in the center of the container. The tube was opened 
at both ends and held a pla stic rod with a cap. 
The devi ce used to measure impedance cons isted of a simple beam 
with equal size arms (250 mm) . One end had a probe attached to push 
the pla s tic rods that were i nst a ll ed in the individual pots . A 1- lit er 
container was hung on the other end. \Va t er was added t o the container 
until the crust broke . The weigh t of the water needed to break the 
crus t was recorded as soil impedance. In thi s experimen t, t he device 
was s li ghtly modified from that used by Arndt. A mi croswi t ch wa s 
used t o ac tivate a normally-open water va lve. Wh en the crust ruptured, 
the beam hit th e microswitch wh ich, in turn, c lo sed the valve that 
supplied water to t he container. The addition of the microswitch 
i ncreased the precision of the measurement. 
In the penetrometer method, the soil crust strength was measured 
in terms of the pressure needed to vertically penetrate the first 
6 mm of the soil surface. The penetrometer tip had a diameter of 6 mm 
and the readings could be made in a range of 0.2 to 4.5 kg/cm2. A 
s ingl e measurement was made in the center of the soil surface on each 
pot. 
Figure 1 . Apparatus that was used for soi l crust impedance measure-
ment s . (Modified from Arndt, 1965a.) 
Figure 2. Pocke t penetrometer that was used for measurement of soi l 
crust r esistance to penetration. 
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Pot Experiment 2 . Twenty-five treatments were appli ed on Parlo 
soil. At this tim<: it was intended to recheck the behavior of three 
of the chemicals that showed a relatively great enhancement to sesame 
seedling emergence in Experiment I. The treatments are shown in 
Table 3. The procedure was essentially the same as that follm;ed in 
Experiment 1. Treatments 3 and 4, however, were different because 
the chemical was not sprayed on the soi 1 surface as before. Instead, 
a previous l y prepared soil-chemical mix was substituted for the top 
10 mm of soil in the pot. The mix ~<as made by app lying the chemical 
to the moist soil at a specified rate . The soil was allowed to dry, 
then brought to a matric potential of about -3 bars and passed through 
an 8 n@ square-hole sieve . Fina ll y the mix was placed by weight on 
the top of the soi l in the pot. 
Pot Experiment 3. From Pot Experiments 1 and 2, two chemicals 
were se lect ed which had given good performance i n increasing seedling 
emergence. In this experiment such chemicals were simultaneously 
tested on the six soi ls in the study. TI1e treatments app li ed on each 
soil are given in Table 4. Two replications per treatment were carried 
out at the same time, one for impedance measurement and the other for 
resistance to penetration . For the control treatment the replications 
were t~<o-fold, thus two measurements of impedance and r esistance to 
penetration were taken. Limitations of materials and of time to pre-
pare the pots made it difficult to run more replications at one time. 
However, the procedure ~<as repeated four times to complete eight repli-
cations per treatment. 
Preparation of the pots with the different soils was essentiall y 
the same as in Pot Experiment 1 . The exception was the Guanipa soil 
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Table 3. Li s t of treatments in Pot Experiment 2 
Chemical Treatment Ratc2per Dilution Diluted Chemica l No. ratio a volume m cost 
1/hab $/hab 
None - Control 
Subwatered control 
El vanol 71-30 
1 em l ayer 0.02% 3 1.82 g 1 :400 1200 5.80 
Humofina B-2864 
1 em layer 0 . 40% 4 36 .40 ml 1:20 1200 14.00 
Elvano l 71-30 5 1 . 25 g 1:100 20 4.02 
6 1.25 g 1 :200 417 4.02 
7 1.25 g 1 :4 00 833 4.02 
8 2.50 g 1: 100 417 8.04 
9 2.50 g 1:200 833 8.04 
10 2 . 50 g 1:400 1667 8.04 
Techni cal Protein 11 3.0 g 1: 50 250 7.90 
Col loid 5-V 12 3.0 g 1:100 son 7. 90 
13 3.0 g 1:200 1000 7.90 
14 6.0 g 1 :50 500 15.80 
15 6.0 g 1 : 100 1000 15.80 
16 6.0 g 1:200 2000 15.80 
Humafina B- 2864 17 25.0 ml 1 :5 208 9.58 
18 25.0 ml 1:10 417 9.58 
19 25.0 ml 1: 20 833 9 . 58 
20 50.0 ml 1 :5 417 19. 17 
1-iumofina B- 2864 21 50 .0 m1 1:10 833 19.17 
22 50 .0 ml 1 :20 1667 19.17 
23 75.0 ml 1:5 625 28 . 75 
24 75.0 ml 1:10 1250 28 .75 
25 75.0 ml 1:20 2500 28.75 
~Chemica l -to-final vo lume ratio. 
Va l ues are referred t o application on l /6 of the total surface. 
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Table 4. List of treatments in Pot Experiment 3 
Chemical Treatment Rate2per Dilution Diluted Chemical No. m ratioa volume cost 
l /hab $/hab 
None - Control 
Subwatered control 2 
Elvanol 71-30 3 4 g I: I SO 1000 12.87 
4 8 g I : I SO 2000 2S.73 
s 12 g l : 100 2000 38:60 
6 4 g 1:300 2000 12.87 
7 8 g 1:300 4000 25.73 
8 12 g l: 200 4000 38.60 
9 16 g 1 : 100 2667 51.4 7 
Humofina B-2864 10 40 ml 1 : l S 1000 1S.33 
11 80 ml 1:15 2000 30.66 
12 120 ml 1 : 10 2000 46.00 
13 40 ml 1:30 2000 15 .33 
14 80 ml 1:30 4000 30.66 
lS 120 ml 1:20 4000 46.00 
16 160 ml 1:10 2667 61.33 
~Chemical-to-fina l vo lume r atio. 
Values are r eferr ed to application on 1/6 of the total surface. 
pots; due to t he sandy t exture of the soi I, the sand layer was not 
placed in the bottom of th e pots. 
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In some trea tment s on Turen soi I , Nontill ed Turen soil and /\guo 
Blanca soil , the impedance was greater than 1,000 g , hence the measure-
ment could not be made using the simple beam as before . In these cases 
the impedance was measured by hand pressing the plastic rod installed 
in the pots aga in s t a probe mounted over a 10, 000 g precision top 
l oading balance. The soil impedance was recorded by no ting the highest 
reading befor e the very sharp decline in scale reading when the crus t 
was broken . The measurement may be criticized for the use of t he 
hands to exert the pressure, but care was taken to apply the pressur e 
s lowly, thus minimizing the error in the measurement . 
In the l ast run, the evaporat ion was extremely hi gh. TI1 e soils 
dried out so rapidly that there wa s no sesame seedling emergence. This 
r un was conc luded 6 days after r ewat ering and so il crust s trengths were 
measured at that time . 
Box Experiments 
Square wooden boxes 520 mm in width and length and 120 mm deep were 
used to study the effect of the chemicals on a larger surface area and 
with the sesame pl anted in rows (thi s more close ly approximates field 
conditions) . Drainage was prevented by sea ling the joints of the boxes. 
The soils t ested were previously brought to a matric potential of 
about -3 bars and sieved through a 8 mm square-hol e sieve. The seeds 
were plan t ed 20 mm deep in the soil in a singl e row running diagonally 
across the box with a plant density of 100 seeds/m (72 seeds in the 
diagonal row). 
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Box Ex periment 1. Eight bo xes W<'l"l' prep~rcd with I'" rio so i I. 
On eac h box, :t din gona l furrow 100 nnn wid e at the top and \Vi t h a hasc 
about 35 mm deeper than the original so il surface was formed. A ~10 
degree ang l e wood piece was used to shape th e furrow. The seeds were 
buried 20 mm below the bottom of the furrow. After planting, one 
treatment per box was applied directly over the furrow space. The 
treatments are given in Table S. 
Table S. List of treatments in Box Experiment 1 
Chemical 
None - Control 
Tech. Prot. Colloid 
S-V 
Coherex 
AMSCO Res 4072 
Aero spray 70 
Elvanol 71-30 
Humofina B- 2864 
Cat. Asph. Emulsion 
Treatment 
No. 
2 
3 
4 
s 
6 
8 
6 g 
40 ml 
8 ml 
9 ml 
s g 
so ml 
so ml 
Dilution 
ratioa 
1; 100 
1:10 
l:SO 
l:SO 
1:100 
1:10 
1:10 
Diluted 
volume 
1/hab 
1000 
667 
667 
7SO 
833 
833 
833 
~Ch emica l-to-final 'ie> lume ratio. 
Va lues refer to application of 1/6 of the total surface . 
Chemical 
cost 
$/hab 
1S.80 
16.00 
IS . 73 
16 . 20 
16.08 
19 . 17 
1S.83 
Two days after seeding, each box was subjected to a SO nmJ/hour 
intensity simulated rain for 30 minutes. In each trea tment, the time 
to reach pending conditions on the furrow and on the flat sur face was 
43 
recorded. No addi tional water was app l ied during the rest of the test . 
Seedling emergence was r ecorded dail y . \Vhen no more seed lin gs emer ged 
in a 24-hour period , the s tudy was concluded . A tota l of ten pene-
trometer readings was made perpendicular to the furrow . An equa l 
number of readings was a l so taken on th e adjacent flat surface. 
The treatmen t s were replicated at a different time following the 
same procedure. 
Box Experiment 2. In thi s experiment the effectiveness of ground 
corncoh in i ncreas ing sesame seedling emergence was te s t ed in two ways, 
(1) corncob a lone on the seed row, and (2) corncob on the seed row 
s t ab il ized with one of the two chemicals. Eight boxes were prepared wi th 
Parl o soils. In two boxes the seeding wa s done in a f l at surface diago-
nal line and in the rest of che boxes the seeding was done in dia gona l 
furrows. The treatment s (shown in Tabl e 6) were repea t ed at a different 
time. 
The procedures followed for watering, recording the sesame seedling 
emergence, and making measurements of crus t resis tance to pene tration 
wer e th e same as used in Box Experiment 1 . 
Box Experiment 3. Five boxes were prepared with Parlo soi l and 
three with Agua Blanca soi l . Planting was done on flat surface diagonal 
rows. The trea tments (Table 7) were applied on the entire soil s urfa~e 
of the box. The treatments were not r eplicat ed. The rest of the pro -
cedure was the same as tha t followed in Box Experiment 1. 
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Table 6. List of treatments in Box Experiment 2 
Treatment Surface Rat2 Di l ution Dilut ed Chemical 
~laterial No. shape /m ratioa volume cost 
1/hab $/ hab 
None - Control flat 
None - Control 2 furrow 
Elvanol 71- 30 3 flat 4 g 1:300 2000 12.87 
Elvanol 71-30 4 furrow 4 g 1: 300 2000 12. 87 
Humofina B-2864 5 furrow 40 ml 1: 30 2000 15.33 
Ground corncob c 6 furro\v 
Ground corncobc 
+ Elvanol 71-30 7 furrow 4 g 1:300 2000 12. 87 
Ground corncobc 
+ Humofina B- 2864 8 furrow 40 ml 1: 30 2000 15.33 
~Chemical-to-final vo lume ratio. 
of the total Values refer to application on 1/6 surface . 
c50 cm3/m linear row. 
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Table 7 . List of trea t ments in Box Experiment 3 
Treatment Rate2per Dilution Diluted Chemical Chemical Soil No. m ratioa volume cost 
1/ hab $/hab 
None - Contro l Parlo 
Elvanol 71- 30 Parlo 2 4 g 1:300 2000 12.87 
Humofina B-2864 Parlo 3 40 ml 1: IS 1000 15 . 33 
Elvanol 71- 30 Parlo 2 g 1: 300 1000 6.44 
Humofina B-2864 Parlo 5 20 ml 1:30 1000 7 .67 
None - Control Agua 6 
Blanca 
El vanol 71-30 Agua 7 4 g 1:300 2000 12.87 
Blanca 
Humafinn B-2864 Agua 8 40 ml 1:15 1000 15.33 
Blanca 
~Chemical-to-final volume ratio. 
Va lues are r eferred to application on 1/6 of th e total surface. 
1\ggrpg:ltC Stahi I i_t_x_ 
Samp les of all soj l s under study \vcre brought to ., mntric potcn -
t ia l of about -3 bars, and then sieved through an 8 mm square-hole 
sieve. Parlo soi l was divided into eight fractions, seven of which 
1vere treated with different chemicals and one was not treated, to be 
used as a control. Soil samp l es other than Parlo were divided i.nto 
three fractions, two of which received either Elvanol 71-30 or 
Humofina B-2864 and the third was nontreated . 
The chemicals were sprayed on the soi ls at the rates and 
dilutions specified in Table 8. Immediately after spraying, the 
soil and chemica l were gentl y mixed by hand t o improve the distribution 
of the chemica l. Treated and nontreated soil samp l es were air dri. ed and 
again passed through a 8 mm square-ho l e sieve. 
Table 8. List of treatment s with soil condition ers used to eva luate 
aggregate stability 
Chemical Treatment Rate % Di lut ion Cost $/ton No. by weight ratioa of soil 
None 
Elvano l 71-30 0.05 1:400 0.97 
Humofina B-2864 3 0.50 1 :40 1.15 
Aero spray 70 4 0.09 1:250 0.97 
AI-1SCO Res 4072 0.08 1:250 0.94 
Cationic Asphalt 
Emulsion 6 0.50 1 :40 0. 95 
Coherex 0.40 1:50 0.96 
Technical Protein 
Co lloid 5-V 8 0 . 06 1 : 300 0 . 95 
aChemical to final volume ratio. 
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Subsampl es (80 g for Guanipa soi l and 40 g for other soi l s) of each 
t rea tment ~<ere used to determine the perc entage of the silt plus clay 
fraction rernajning as water-stahl e :JRgre g:tt es with a diamet e r > 0.05 mm. 
These determinations ~<ere made in triplicate at t~<o different times : 
l. The soil sample ~<as added to a !-liter cylinder containing 
distilled ~<ater, and then the ~<ater level ~<a s brought to the 1,000 ml 
mark. After the soil sample had soaked 15 minutes the cyl ind er ~<as turned 
end over end a total of 10 times per mi nute and placed upri ght . Then the 
hydrometer method (Day , 1965) ~<a s used to determine the percentage of 
s ilt plus clay (based on total soil dry ~<ei ght) that ~<as detached from 
aggregates > 0 . 05 mm diameter. Hydrometer readings were taken at 30, 
40 and 60 seconds . 
2. After the first determination, an additional IS-minute soaking 
1va s given to the soil samp l e. Then the cylinder was turned end over end 
a total of 20 times in 2 minutes and placed upri ght . Again hydrometer 
readings ~<ere taken. This series of readings ~<as then taken to obtain 
the percentage of silt plus clay detached from aggregates > 0.05 mm dia-
meter when the soi l was s ubjected to a longer time of soaking and shaking. 
The total amount of si lt plus clay in the so ils (based on total so il 
dry weight) had been determined previously by a standard mechanical 
ana l ysis technique (Day, 1965). 
The percentage of the si lt plus clay fraction remaining in water-
stab l e aggregates with a diameter > 0.05 mm was calculated each time by 
subtracting the silt plus clay detached from aggregates > 0 . 05 mm dia -
meter from the total amount of silt plus clay. Then this difference was 
divided by the total amount of si lt plus clay and expressed as a percent-
age . 
RESULTS AND DISCUSSION 
Re lationship between Precipitation and Yie l d 
of Sesame in Venezue la 
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Annual sesame yie ld in Venezuela for the period 1956-1976, and 
~lay through February precipitation data for the same period obtained 
from the Colonia Turen meteorological station (Portuguesa State, 
Venezue l a) are summari zed in Table 9 . The precipitation data--corres-
ponding to four planting dates--are summed for three time periods as 
follows. 
x1 is the accumu l ated precipitation (mm) from ~lay I to the 
planting date. Th is precipitAtion i s related to the soi 1 
moisture in the profile at the time of planting. 
x2 represents the accumulated precipitation (mm) from January 
to the last day of February. This precipitation occurred 
after the seed ling period and before the cutting of the plants. 
x3 is the accumulated precipitation (mm) for the 20 days following 
the planting date. TI1is i s the precipitation th at falls short l y 
after planting and is related to the problem of soil crusting. 
Two multiple linear regres sion equations were calculated to fit the 
data in Table 9. The regression coefficients for each equation are 
given in Table 10. The coefficients obtained for x1 and x2 showed 
that the precipitation which fell from ~lay l to the planting day and 
from January l t o the last day of February increased sesame yields. 
The negative signs of the x3 coefficients indicate that the accumulated 
Table 9. Annual sesame y i e ld i n Venezuela (kg/ha)a and precipitation data (mm) obtained from Colonia Turen 
met eorologi cal s tation (Portuguesa Stat e , Venezuela)b referred to four planting dates . x1, X2, 
and X3 denote rainfall incurred in the periods May 1 to the planting da te, January 1 to the last 
day of February, and the 20 days fo llowing the p l an ting date, respectively. 
Planting da t es 
Harvest Sesame November December s December 10 December IS 
year yie ld xl x2 XI x2 x3 x l x2 x3 x l x2 x3 
1957 530 1138 0.3 6 . 3 11 39 0.3 5.7 11 44 0.3 0.0 1144 0.3 0 . 0 
1958 522 121 5 0.0 48.6 1232 0.0 31.5 1232 0.0 31.8 1261 0.0 1. 3 
1959 398 1131 0.3 4.3 1131 0.3 21.3 1131 0.3 21.3 1135 0 . 3 17.0 
1960 363 1489 14.8 14. 0 1498 14. 8 8.3 1498 14.8 49.6 1498 14. 8 49.2 
1961 461 1272 0.0 36.7 1308 0.0 0 . 2 1308 0.0 0.0 1308 0 .0 0.0 
1962 495 1340 0. 1 25.3 1365 0.1 0.3 1365 0.1 0 . 2 1365 0.1 0.2 
1963 502 1207 9 .7 3.4 1207 9 . 7 3.4 1211 9.7 0.0 1211 9 . 7 I. 6 
1964 681 1439 2.0 3. 7 1439 2.0 3.7 1442 2.0 1.0 144 3 2 . 0 0 . 0 
1965 62 1 1250 13.2 5.4 1256 13 .2 0.0 1256 13. 2 0 . 0 1256 13 . 2 0.1 
1966 634 1671 17. 8 1.1 1671 17.8 1. 2 1671 17.8 2. 1 1672 17. 8 8.5 
1967 604 1203 3 .5 27 . 5 1205 3.5 23 . 4 12 28 3.5 2 .1 1228 3 . 5 2 . I 
1968 544 1295 5.0 59.3 1295 5.0 59.6 1327 5.0 28.2 132 7 5 . 0 28.2 
1969 538 1370 23.5 37.1 1672 23 .5 38.8 1379 23.5 31 . 1 1379 23 . 5 34.2 
1970 705 1296 67.6 43.6 1299 67.6 41.1 1326 67.6 14. 1 1337 67.6 2 . 8 
1971 555 1400 13 . 7 46.1 1423 13. 7 27 . 5 1435 13.7 16.9 1441 13. 7 16.4 
1972 550 1180 40.3 14.0 1180 40.3 14.0 11 84 40 . 3 20.2 11 84 40 . 3 22.4 
1973 519 1411 0.0 72.0 1421 0 . 0 62.5 14 71 0.0 16.3 1483 0.0 2.2 
1974 413 1222 8.5 33 . 8 1222 8.5 43.2 1256 8.5 9.6 1256 8.5 9.6 
1975 536 1078 0.6 4. 1 1078 0.6 4. 1 1082 0.6 0. 1 1083 0 . 6 0 . 0 
1976 484 1455 0. 1 50.8 1455 0.1 51. 2 14 85 0.1 22 .6 1505 0. I 2 .9 
A 
bSource : "' aSource: Leon, Mazzani and Gomez (1972), ~lAC (1975), FONALI (1976) . Onate J. ( 1977). 
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Table 10. Regression coefficient s obtained by regression of 20 years 
of sesame yield data (kg/ha) against 20 years of precipita-
tion data (mm). Equation 1 includes only two predpitation 
variab l es (X 1 and X2 of Tnble 9) and thus has only three 
regression coefficients (ho, bJ and b2l· Equation 2 ha s an 
additional precipitation variable (X3 of Tabl e 9) and , 
consequently, an additional regression coefficient (b3). 
Regression coefficients Determination Date Equation coefficients 
bo bj b2 b3 (r2) 
Nov 30 401.5 0.08 2.23 0.21* 
2 399.3 0.09 2.23 -0. 34 0.22* 
Dec 5 449.2 0 . 04 2 .25 0.20* 
448.6 0.05 2.30 -0.50 0.22* 
Dec 10 410.5 0.07 2.25 0.21* 
357.0 0.) 5 2.71 -3.45 0 . 52*** 
Dec 15 408.6 0.08 2.25 0.21* 
2 346.4 0.14 2.93 -3.7 1 0 . 52*** 
*Significant at the 5 percent l evel. 
***Significant at the 0.1 percent l evel. 
precipitation for the 20 days following the planting day caused a 
detrimental effect on the sesame yield. Later in the planting season 
(December 10 and December 15) this effect was even gr eater. T1;o fac ts 
may explain these results: (1) at the later dates, a greater number 
of hectares have already been planted, and a lesser proportion of the 
crust affected area is replanted; and (2) late i n the planting season th e 
dry season is more advanced, the soi l surface is drier , and even a slight 
precipitation can result in the formation of a hard soil crust. 
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Let us consider a hypothetica l si tuation in whi ch no precipitation 
falls in the 20 days following planting and furthermore , th e planti ng 
date is ei ther December 10 or December IS. Based on equation 2, it can 
be speculated that sesame yie lds would be an average of about 40 kg/ha 
grea t er than the average ac tual yi e ld. 
Soil Characteristi cs 
Particle size di s t ribution (expressed as percent of dry soil) and 
tex ture of the soils used in the study are summa r ized in Table 11. Even 
though th e sampling distance between Turen and Nontill ed Turen so ils 
was onl y 30 meters, their particl e s i ze distributions wer e noticeabl y 
different. 
Soil water characteristic curves for a ll th e study soils are shown 
in Figure 3. It is c l ea r that between -0.1 and -1 5 .0 bars much less 
water was r eleased by th e Guan ipa soil than by the other soils . 
Undoubtedly, t his was a consequence of its ve r y low si l t plus c lay 
cont ent. 
Chemica l characteri st i cs of the soi l s are given in Table 12. The 
so il s did not present prob lems of either salinity or alkalinity. Since 
liming is a common practice in the management of Guanipa soil, the pH 
of native soi l would undoubtedly be lower than that of the f armed soi l 
used in this s tudy. The r eddish color of thi s so il and the fact that 
mos t of i t s clay-sized materia l s seem t o be amorphous suggest t he 
abundance of iron oxide and hydroxide compounds. 
Table 11. Partic le size distribution (in dry soil percent age) and soil texture 
Particle size range (~m) 
Soil Sand Silt 
name 2000 1000 soo 2SO 100 2000 so - 20 20 - 10 10 - s 
- 1000 - soo - 2SO - 100 - so - so 
Guanipa 7 . 2 13 . 8 23.0 3S . 2 14.3 93.S l.S . 7 .s 
Turen 0 0 0.8 10.7 16.5 28.0 28.0 14.3 8.5 
Non till ed 0 0 0.7 6.6 9.7 17.0 19 .0 l8.S 12.2 
Turen 
Agua 0 0 . 6 1.6 4.4 5.6 12.2 15.2 14 .6 11.6 
Blanca 
Parlo 0 0 0.8 1.4 6 . 8 9.0 18 .7 17.3 14.0 
Nib ley 0 0 0.4 2.6 7. 0 10 .0 16 .0 15.2 14.6 
Clay 
s - 2 so - 2 < 2 
. 3 3.0 3.5 
6 . 2 57.0 15.0 
13.3 63.0 20.0 
12.6 54.0 33.8 
15.6 65.6 25.4 
15.6 61.4 28.6 
Soil 
texture 
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Silt 
loam 
Silt 
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Figure 3. Soil water charac t eristic curves for th e s ix so il s used 
in the study. 
s.; 
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Table 12. Some chemical characteristics of the soils used in the 
study 
Soil Organic Saturated extract Mineralogi cal 
matter pH EC SAR composition of name % millimhos/cm c lay-siz ed fract ion a 
Guanipa 0.31 7 . 3 0. 34 1.00 Amorphous material 
and Kaolinite 
Turen 3. 35 7.8 0.71 0.63 Illite > Kaolinite 
Nonti II ed 8.83 7.9 I. 02 0.40 Illite > Kaolinite 
Turen 
Agua 5. 79 7.7 0.68 0.67 Illite » Kaolinite > 
Blanca Smectite 
Parlo 6.60 7.6 0.57 0.36 Kaolinite Illite > 
Smec tit e 
Nib ley 5.83 8.0 I. 03 0.42 Illite > Kaolinite 
aX-ray diffraction analysis obtained by Utah State University 
Geology Department. 
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Aggregate Stabi l tty 
The percentages of the si lt plus c lay fraction r emai ning in water 
stable aggrega t es with a diameter of> 0 . 05 mm are illustrated in Figure 4 
for t r eated and nontreated soi l samples. 
For each soi l , the treated samp l es s howed higher percentages of 
silt pl us clay aggregation than the nontreat ed samples . Such increases 
were as grea t as 100 per cent in the soil wi th the lowest silt plus clay 
aggregation (Turen soi l) . In Parlo soi l, in which seven soil conditioners 
were t ested, t he polyvinyl a l cohol (E l vanol 71-30 ) and the anionic asphalt 
emul sion (Humofina B- 2864) treatments showed t he highest agg r egate 
stability. Practica lly no change in aggregate s tability was obtai ned 
in thi s soi l when treated ~<ith ei ther Coherex or Technical Prot ein 
Co lloid 5-V . Tn each one of the soi l s, Elvanol and Humofina produced 
simil ar i ncr eases in aggregate s tability . 
Determin ations of the si lt plus clay aggregation percentages after 
30 minutes soaking and 3 minu t es shaking were l ower than those in ~<hich 
15 minutes soaking and minute shaking were given. The decrease in 
aggregate stability wa s about t he same in each case , i . e ., it was 
independent of the soi l an d the treatment. 
An examination of the organic matter content of the soils (Table 13) 
and the aggr ega te stabi lity of nontreated so il sampl es (Figure 4) does 
not indica te any correlation. In fact, the soi l s ~<ith the l east organic 
matter content, Guanipa and Turen, have th e hi ghest and the l owest 
aggregate stability, respective l y. The cementing ac tion of amorphous 
material, very common in Guanipa soi l, may explain the high aggregate 
stabi lity exhibited by this soi l. 
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Guampa 
15 minutes soaking and 
30 minutes soaking and 
Turen Non tilled 
Turen 
minute shaking 
minutes shaking 
Aqua 
Blanca 
Parlo Nib ley 
Percentage of the silt loam plus c l ay soi l fraction remaining in water stable aggregates 
with diameter> 0.05 mm as influenced by tre~tments with soil conditioners. Numbe r s on the 
bars deno t e the treatments as fol l ows: I ) None, 2) O.OS percent Elvanol 71-30, 3) O.S per-
cent Humofina B- 2864, 4) 0. 09 percent Aero spray 70, 5) 'l. 08 percen t A'1SCO Res 4072, 6) 0 . SO 
percent Cationic Asphalt Emulsion, 7) 0 . 40 percent Coherex, and 8) 0 . 06 percent Technical 
Protein Co lloid 5-V . ""' ~
Table 13. Regression coefficients ob t ai ned by regression of th e per-
centage of the sil t p lus c l ay frac tion that remained as 
stable aggregate > 0.05 mm (after 15 minutes soaking and 
l minute shaking) against th e content of a given size of 
partic l es (in percent of dry soi l ). 
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Partic l e fraction Regression coefficient s Determination 
bo bl coefficients (m>J) (r2) 
50 - 2 (si lt) 78.2 -0.46 0.34 
< 2 (clay) 59.0 -0.20 0 . OJ 
< 50 (silt + cl ay) 73.8 -0.27 0. 21 
100 - 5 91.7 -0.61 0.49 
100 - 10 104.2 - 1. 24 0 . 85** 
100 - 20 88 .4 2 - 2.05 0.87** 
50 - 20 103.9 -l. 86 0.95** * 
**Si gnificant at the l percent l eve l . 
***Si gnificant at the 0 .1 percent l evel . 
ss 
Correlations were computl~d to test if aggregate stahi I i t y depend s 
on soil partic le distribution. Percentage of the silt plus cl<~y fr:~ction 
f orming aggregates > O.OS mm--determined in nontreated soil samples after 
IS minutes soaking and I minute shaking--was correlated with seven 
ranges of partic le size. Ranges of particle size and results are given 
in Table 13. The aggregate stability was negatively correlated to the 
content of very fine sand plus coarse silt. However, the aggregate 
stability was more closely related to the content of particles in the 
size range SO - 20 ~m than to any other fraction. The low cohesion 
among silt particles and fine sand causes the few aggregates that are 
formed, in soils with abundance of these particles, to be easily dis-
rupted by water action 
Pot Experiment 
Figure S illustrates the results obtained on Parle soil in Pot 
Experiment 1. The time required for pending, the relative evaporation 
incurred during the S days following watering to soil field capac ity, 
and the percentage of sesame seedling emergence are represented by 
bars. Each bar is the average of eight replications. The relative 
evaporation incurred during the S days following wetting of the soil 
to field capaci ty was determined as follows: the weight of the pots, 
determined S days after watering, was subtracted from the estimated pot 
weights when the soil was at field capacity. The evaporation was 
expressed in relation to the mean evaporation obtained in the control 
treatment. In some of the figures, it is indicated that the average 
time required to pending could be higher. \\'here this is indicated, 
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it signified that at leas t in one repli cation, ponding conditions were 
not reached durin,: the 30 minutes of simulated rain. The bar s r epre-
sentin g crust impedance and crust. res i s tance to penetration ar c based 
on the mean obtained from four pots (replications). 
During the 30 -minute period in whi ch the rain was applied, ponding 
conditions were not reached in the Elvanol treatment. All of the other 
chemical treatments delayed the ponding to a certain degree. The e f fect 
was a function of the total amount of chemical applied and of its dilu-
tion. Coherex and Cationic Asphalt Emulsion showed l ess effec tiveness. 
No appreciable differences were observed in evaporation among the 
treatments. 
Crust impedance and resistance to penetration showed a genera l 
tendency toward higher vale~es i n the chemica l treatments than in the 
cont ro l. Visual inspection of the crusts after impedance measurements 
indicated that the crusts formed in the control were thinner than those 
in the treatments with soil conditioners . It could be that th e dis -
ruption of soi l aggregates caused by the raindrop impact in nontreated 
soil s amp l es lowered the water infiltration and the degree of wetting 
of the soi l. This resulted in a lower degree of densification upon 
drying and a thinner soil crust. 
In most of the chemical t reatments, sesame seedling emergence 
was hi gher than in the control treatment. The subwatered control treat-
ment, however, resulted in the hi ghest emergence. Among the chemical 
treatments, those with Elvanol 71-30, Humofina B-2864 and Technical 
Protein Co lloid 5-V showed higher sesame seedling emergence than the 
other treatments. There was no evidence of a relationship between 
sesame seedling emergence and the soil crust strength measurements 
(impedance and resistance to penetr:~tion). 
Pot Experiment 2 
6 1 
The graphs illustrating the results for this experiment (Figure 6) 
foil ow the same general patterns shown in Pot Experiment 1. Treatments 
with Elvanol or Humofina previously incorporated into the top 10 mm of 
soil (Treatments 3 and 4) reached ponding conditions almost at the 
same time as that of the control. TI1e subwatered control treatment 
(Treatment 2) and the treatment with the highest rate of Humofina at low 
dilution (Treatment 23) exhibited lOI<er evaporation than the other 
treatments. 
Most of the treat ments ref l ected lower impedance than the control, 
while resistance to penetration measurements showed an inverse situation. 
Treatments in which Elvanol was previously incorporated into the soil 
showed the lowest value of soil impedance . No relationship could be 
established between impedance and resistance to penetration. 
Th e percentages of sesame seedling emergence was higher in the 
treatmen t s in which Elvanol or Humofina were sprayed on the soil surface. 
As in Pot Experiment 1 , the highest percentage of sesame seedling emer-
gence was observed in the subwatered control treatment. Evident l y this 
was associated with the fact that this treatment was not subjected to 
the raindrop impacts . 
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Results for each soil were gr:~phed separately. In each o f the,;c 
graphs , the time required for ponding and relative evaporation incurred 
during the 5 days following watering to soil field capacity are illus-
trated by bars, each one expressing the mean of eight replications. 
Exceptions were the bars for control treatment (Treatment 1), which 
represent the mean of 16 replications. 
Because some of the replications of this experiment were run at 
different times, the evaporation for each run of the treatments was 
r e lated to the mean evaporation of the control treatment (four pots) 
for the same run to gi ve relative evaporation values. The relative 
evaporation data were t hen averaged for the replications of each treat-
ment and the averages were graphed in the figures. 
The bars for relative crust impedance and relative crust resistance 
to penetration are the means of four replications. In the case of the 
control treatments, the bars represent the means of eight replications. 
The impedance and resistance to penetration in each treatment were 
r ela ted to th e respective measurements in the control treatment for the 
same run. The relative values obtained in each treatment were then 
averaged and graphed. In t he case of the contro l t rea t ment (Treatment 
1), all of the absolute values of crust impedance (g) and crust resis-
tance to penetration (kg/cm2) obtained throughout the experiment were 
a lso averaged and graphed to serve as comparisons. Where it is indicated 
on the figures that a mean re l ative resistance to penetration value 
could be higher , it implies that at l east in one replication the 
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abso lute measurement of resistance' to penetration exceeded the measuring 
capacity of the penetrometer. 
Guanipa soil 
Results in Guanipa soil (Figure 7) indicated that ponded conditions 
were not reached either in the control or in any of the chemical treat-
ments. Due to its texture, this soil has a naturally high water infil-
tration rate which was not modified by the soil conditioners. 
High rates of Elvanol or Humofina formed a film on the soil sur-
face that decreased the relative evaporation, although it had no appre-
ciable effects on water infiltration. Moreover, high rates of Humofina 
at high dilutions (Treatments 14, 15, and 16) practically abolished 
evaporation even after the soil was watered to field capacity. 
The highest impedance was obtalneU with the intermec..llate rate and 
high dilution of Humofina (Treatment 15). Observations of the soil 
crusts after impedance measurements indicated a thicker crust in this 
treatment than in the others. Apparently Humofina created interaggregate 
linkages that result in a greater thickness of the soil crust. 
Most of the chemical treatments caused an increased resistance to 
penetration compared to the control. For a given chemical the resis-
tance to penetration increased at higher rates of the chemical. Control 
subwatering (Treatment 2) indicated higher resistance to penetration than 
the control treatment. This may be due to a higher degree of wetting in 
the subwatered control than in the control treatment during the watering. 
In general, the chemical treatments exhibited about the same sesame 
seedling emergence percentage as the control. The highest rate of Elvanol 
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(Treatment 9) and hi gh and intermedi~tc rates of l~mofino at hi gh dilu-
tions (Treatments !4, IS, and 16) reduc- ed sesame seedling emergence. 
Such reduction was correlated with hi gh values of soi l crust strength . 
The control s ubwatered trea tment had a lower seedling emergence percen-
tage than the control treatment. 
Turen soil 
Origina lly this soil had a low hydraulic conductivity but it Has 
increased by the chemical treatment s--as was evidenced by the long time 
requi r ed to reach ponding (Figure 8). In gener a l, the time required for 
ponding increased as higher rates of chemicals were used; the increment 
was somewhat independent of the dilution. Humofina treatments showed 
greater effectiveness than Elvanol in delaying ponding conditions. All 
of the chemical treatments had similar evaporation. Control and sub-
wa tered control treatments showed the highest and the lowest evaporat i on 
rate, respec tively. 
In the impedance determinations, no definite pattern was observed. 
The chemical treatment impedance were not very different from those of 
the control and subwatered control treatments. Resistances to penetration 
were greater in the subwatered control and chemical treatments than in 
the control. 
Seedling emergence was practically prevented in all the treatments. 
The weak structural s tability of this soil (see Figure 4) seemed to be 
the predominant factor in limiting the effectiveness of the two soil con-
ditioners (Elvanol and Humofina) in enhancing sesame seedling emergence. 
Nontilled Turen soil 
The low infiltration rate characteristic of this soil was increased 
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by the chemical treatments--th e trenments with llumofina bei ng more 
effec tive than tho" e with Elvanol (Figure 9). The so il conditioners 
s lightl y l owered the evaporation i n relation to the control, but t he 
l owest evaporation was exhibited by the subwatered control treatment. 
Chemical treatments reflected higher impedance than the contro l; 
exceptions were the higher and intermediate r ates of Elvanol at high 
dilutions. Subwatered control and chemical treatments showed higher 
impedance than the control treatment. 
No seedlings emerged i n the control and the subwat ered cont r ol . 
Almost all the chemica l treatments exhibited some sesame seedling 
emergence, but without following a definite pattern. 
Agua Blanca soil 
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'D1e resul ts are il lustrated in Figure 10. The chemica 1 treatments 
markedly prevented ponding conditions , but Elvanol was s l ightly more 
effective than Humofina. A comparison of the chemica l treatment s with 
the control indicated that evaporation was somewhat reduced by the soi l 
conditioners. The lowest evaporation was obtained in the subwatered 
control treatment . 
The soil crust impedance was greatly lessened by the chemical 
treatments, with Elvano l showing more effectiveness than Humofina. At 
a given rate, the Elvanol effectiveness in reducing impedan ce seemed to 
increase at higher dilutions. Crust resistances to penetration in the 
chemical treatments were close to those of the contro l . When the chemi-
cal dilution was higher, however, the resistance to penetration 
decreased. 
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No sesame seedl ing emergence occurred either in the control or 
in the s ub~<atered control treatment. Intermediate and high rates of 
Elvanol at high dilutions (Treatments 7, 8 and 9) sharply increascu 
seedling emergence . Apparently, these results were associated Nith 
the effect of El vanol in reducing soi l crust impedance. 
Parlo soil 
An examination of Figure 11 shows that El vanol treatments 
(Treatments 3 through 9) compl etely prevented ponding conditions . 
Low dilutions of Humofina (Treatments 10, II, 12, and 16) ~<ere more 
efficient in preventing ponding than the treatments with th e same 
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chemica I at high di Jut ions. In general, the chemical treatments s I ightly 
reduced the evaporation but Elvanol was more effective than Humofina. 
The highest impedance and penetrometer readings were observed in 
the subwatered control. Humofina treatments reflected a higher impedance 
than those with Elvanol. However, in most of the Elvanol treatments, 
as in the case of Humofina treatments, the crust impedance measurements 
were higher than those in the control. The chemical treatments 
exhibi ted lower resistance to crust penetration than the control. That 
reduction was especially marked for intermediate rates of Elvanol at 
high dulution (Treatment 7 and 8). 
The soi l conditioners great l y increased sesame seedling emergence 
as compared with the control. Different rates and dilutions of Elvanol 
had about the same effect in increasing seedling emergence, while Humo-
fina treatments showed greater variability. 
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Nib l ey soil 
Regult s arc illustrated in Fi gun-: 12 . 'l11c chemical tn .. ' atmcnt s delayed 
ponding, th eir effect be ing s imilar to those in Par!o so i I. Rates and 
di lu t ions of Elvano l showed the same pattern in reducing evaporation. 
Results of evaporation from Humofina treatments indicated a hi gher vari-
ability . 
No definite tendency was obtained in crust impedance measurements 
with both types of chemicals. The highest impedance and resis t ance t o 
penetration were obtained in the subwatered contro l treatment. Perhaps 
a greater degree of wetting was reached during the watering in this 
treatment than in the other treatments. The treatments with soil 
conditioners indicated penetrometer readings close to the control treat-
ment; but at h igher rates and dilutions of the chemicals, a definit e 
tendency to lower va lues was evident. 
In comparison with the control, the chemicals increa sed the sesame 
seedling emergence. Thei r effectiveness was greater at higher dilutions. 
Elvano l treatments exhibited a slightly grea ter sesame seedling eme r gence 
than Humofina treatments. 
Sesame Seed ling Emergence in Relat ion to Crus t 
Impedance and Crust Resistance to Penetrat ion 
Re l ative crust impedance and crus t resistance to penetration were 
plotted against sesame seedling emergen ce percentage using the data 
obtained with the chemical treatments in Pot Experiment 3 (except Turen 
soil). They are illustrated in Figures 13 and 14. 
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Figure !3. Re l a tionship be tween relat i ve crust impedance o r c rust 
res istance to penetra ti on and sesame seed ling emergence 
for Guan ipa, Nont i ll c d Tu rcn and Agua Bl anca soi l s . 
*Significant at t he 5 percent level. 
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for Par l o and Nib l ey soil s . 
*Signifi cant at t he 5 percent l eve l . 
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In Agua Bl anca and Guanipn so·i Is th ere was a defi nite tendency 
for sesame seed l i ng cmergem.:c to del· rc:tse as jmpcdanec ;Jnd res i staTll"l' 
to penetration increased. No S th.: h t e nd e ncy wa s obtained in Parlo and 
Nonti ll ed Turen soi l; i.e., the sesame seedling emergence seemed t o be 
i ndependent of soil crust strength. In Nib ley so i l , hm;ever , sesame 
seedl ing emergence decreased with an increase in resistance to penetra-
t i on . 
Box Experiment s 
The results of Box Experiment 1 are summarized in Tabl e 14. TI1e 
soi l conditioner effects generally agree with those obtained in Pot 
Experiments 1 and 2, as is ev idenced by th e data for the time required 
t o reach pending and t he sesame seedling emergence percentages. Again, 
Humofi na and Elvanol were more e ffe ctive than other chemicals i n increasing 
seed l i ng emergence. However, the c rust resis t ance to penetration measure-
ment s did not indicate appreciable differences among the treatment s. 
The results of Box Experiment 2 are gi ven in Table 15. Comparison 
of the sesame seedling emergence percentages ob t a ined in th e control 
treatments indicates tha t a lower emer gence occurred in the furrow 
planting as compared to flat sur face planting . It i s suggested that 
the aggregates on the soil surface were disrupted by the effect of 
raindrops. The sed i ment t hus formed was ~;ashed into the bottom of the 
furrow where it formed a thicker soi l crus t and decreased seedling 
emergence . In a flat surface, such a situat ion is not present. 
Applica tions of ground corncob to the furrow slightly increased 
seedling emer gence as compared with the furrow planted control . 
Table 14. Box Experiment 1: evaluation of soi l crusting in Parlo so il in r esponse to soi l surface 
t reatments 
Time to reach ponding Crus t resi s t ance to Sesame seedling 
(min) Eenetration (kg/cm2) emergence (%) 
Treatment Furrow Fl a t surface Furrow Fl a t surface 
Replication Replication Replication Replication Replica tion 
1 2 Ave 1 2 Ave 1 2 Ave 1 2 Ave 1 2 Ave 
Control 16 13 14 .5 16 13 14.5 2.2 2.2 2.2 2.8 2.5 2.65 44.4 44.4 44.4 
Tech. Prot. Col ~ . 5-V 
1:100 Oil 6g/m >30 >30 >30 16 14 15.0 2 .2 2.2 2.2 2 . 6 2 . 5 2. 55 47. 2 33.3 40.3 
Coherex 
40 ml/m2 1 : 10 Oil 20 26 23 17 12 14 .5 2.2 2.2 2.2 2.7 2 .5 2 . 6 43.1 44 . 4 43.8 
AMSCO Res. 4072 2 1:50 Oil 8 ml/m 28 21 24.5 15 13 14 2 . 5 2 . 2 2.35 2.8 2. 5 2.65 38.9 19.4 29 .2 
Aerospray 70 2 1:50 Oil 9 ml/m 26 20 23 17 11 14 2.5 2.2 2.35 3.0 2 . 4 2 . 7 27.8 47.2 37 . 5 
Elvanol 71-30 2 I: 100 Oil 5 g/m >30 >30 >30 15 13 14 2.2 2. 2 2.2 2. 8 2 . 5 2 .65 83.3 58 . 3 70 . 8 
Humofina B-2864 2 1 : 10 Oil 50 ml/m >30 >30 >30 15 13 14 2. 2 2 . 2 2 . 2 2.8 2.5 2.65 68.1 56.9 62.5 
Cat. Asph. Emuls. 2 1:10 Oil 50 ml /m >30 27 >28.5 14 13 13.5 2.7 2.3 2.5 3.0 2.5 2.75 41.7 27 . 8 34.7 
..., 
"' 
Tabl e 15. Bo x Experiment 2 : eva lu ation of soi l crus ting in Parlo soi l in r espons e to soil surface treatments 
Time to r each pending Crust resi stance tn Sesame seedling 
Sur face min) Eenetration (kg/cm2 emergence ('•) Trea tment 
shape Furrow Flat surface Furrow Flat s urface Replication Rep l ication Replication Replication Replication 
I 2 Av e 1 2 Ave l 2 Ave 1 2 Ave 1 2 Ave 
Control Flat -- - - 15 15 15 -- -- -- 1. 6 2.2 1.9 73. 6 51. 4 62.5 
Contro l Furrow 15 14 14. 5 15 16 15.5 1.2 1. 6 1.4 1.4 2 .0 1.7 68.1 37.5 52.8 
Elvanol 71-30 2 1 :300 Oi l 4 g/m Flat 
-- --
>30 >30 >30 
-- -- -- 0.8 1.4 1.1 88.9 59.7 74 . 3 
Elvano l 71 - 30 2 1 :300 Oil 4 g/m Furrow >30 >30 >30 IS 16 15.5 0.9 1. 2 1.1 1.4 1.8 1.6 88 . 9 63 . 9 76.4 
Humofina B- 2864 Furrow 
1: 30 Oil 40 ml /m2 20 >30 >25 16 15 15. 5 1.0 1. 7 1.4 1.4 2 . 1 1.7 94.4 41.7 68 . 0 
Ground corncob Furrow 18 14 16 16 15 15.5 1.2 1.8 1.5 1. 6 2.2 1.9 72 . 2 45 . 8 59. 0 
Ground corn cob + 
Elvano l 71- 30 2 Furrow >30 >30 >30 15 16 15.5 0.9 1.4 1. 2 1. 5 l. 9 1.7 87 . 5 45 . 8 66.7 l: 300 Oil 4 g/m 
Ground corncob + 
Humofina B-2864 2Furrow 19 >30 >24.5 IS 16 15. 5 1.0 1. 7 1.4 1.4 2.0 1.7 73.6 51.4 62.5 1: 30 Oi l 40 ml/m 
...., 
·~ 
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The soil conditioners prevented ponding condi tions and hence prevented 
the ground corncob f rom being washed out by the rain. Upon drying , 
however, it seemed that the soil condi t ioners increased the mechanical 
strength of the ground corncob. As a consequence, the treatment s in 
which the chemical s were sprayed on ground corncob showed a lower 
seed ling emergence than those in which the chemicals were applied 
alone. 
Table 16 summarizes the results of Box Experiment 3. In Parlo and 
Agua Bla nca soi ls, those treatments in which either Humofina or Elvanol 
were applied on the entire flat surface , sesame seedling emergence 
Lncreased . Elvanol treatments were more effective than llumofina 
treatments. Such differences were especially marked in the Agua Blanca 
soil. These results agree very well with those obtained in Pot Experi-
ment 3. 
Rl 
Table 16. Box Experiment 3: evlauation of soil crusting in Parlo and 
Agua Blanca soils in response to soil surface treatments 
Time to Crust resistanc e Sesame 
Soil Treatment reach ponding to penetration seedling (min) (kg/cm2) emergence 
(%) 
Parlo Control 16 2.2 23.6 
Elvanol 71-30 2 1:300 Oil 4 g/m >30 2.5 45.8 
Humofina B- 2864 2 1:15 Oi l 40 ml/m >30 2.3 47.2 
Elvanol 71-30 2 
1:300 Oil 2 g/m >30 2.7 58.3 
Humofina B- 2864 2 1:30 Oil 20 ml/m >30 2.4 27.8 
Agua Control 8 >4 .5 0 
Blanca 
Elvanol 71-30 2 
1:300 Oil 4 g/m >30 >4 .5 33.3 
Humofina B-2864 2 1:15 Oil 40 ml/m >30 >4.5 11. I 
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SU~1~1ARY AND CONCLUSIONS 
An analysis of precipitation data and annual sesame yield in the 
production area of Venezuela indicated that the precipitation occurring 
short l y after planting decreases the sesame yield instead of producing 
an increase as would be expected. Because precipitation i s related to 
soil crus ting problems, these results suggest that the use of an 
efficient practice, designed to prevent soi l crusting, could reduce or 
e liminate the need to replant and could a lso increase sesame yields. 
One of the main objectives of this study was to determine wh ether 
soi l crusting can be r educed by spraying t he soil surface with some of 
the commercially availabl e soil conditioners. Parlo soil was used in 
a test designed t o scr een seven chemicals. The screening tests shmvcd 
Elvanol and Humofina to be the most effective. Al l of the chemicals 
that were sprayed on this soi l increased the time required to r each 
ponding albeit to different degrees (Figures 5 and 6). This indicates 
that the chemicals lessened the breakdown of soil aggregates by rain-
drop impact. In other words, the chemi cal s contributed to a greater 
aggregate stabili t y in the soi l surface. This is evidenced by the fact 
th at the chemi ca ll y t reated soils showed a higher percentage of si lt p lus 
clay aggregation than untreat ed samples (Figure 4). 
Elvanol and Humofina were incorporated into the surface layer of 
Parlo soil. Incorporation resulted in l ess aggregate s tability than 
spraying the chemi ca ls on the surface. This is evidenced by the fact 
that incorporation failed to delay ponding, whereas ponding was delayed 
by spraying (Figure 6). 
The greater aggregate s tab i lit y of the spra yed so i I cou ld probDhly 
be attrihutctl to a greater co ncentration nf the chcndcn l in the so i I 
surface. Due to its greater s tability, this layer could receive the 
raindrop impact without serious aggregate disruption . 
lne time required for ponding, the evaporation, the resistance to 
penetration, and the sesame seedli ng emer gence indicated that the way a 
soil responds to Elvanol and Humofina is largely dependent on the physical 
characteristics of the soil. 
Evaporation was greatly reduced by the soil conditioners only in the 
li ght textured soil (Guanipa soil). Reduced evaporation in Guanipa soil 
could be indirectly due to the scarcity of colloid in this soi l. The lack 
of colloid may have caused the sprayed chemical to concentrate as a contin-
uous film on the soil surface. In the Guanipa soil, hi gh rates of El vanol 
or Humafina decreased sesame seedling emergence . Consequently, in this 
soil, the use of these two chemicals would be justified only to reduce 
evaporation . 
In the Agua Blanca soi l it would be legitimate to consider the use 
of Elvanol to enhance sesame seedling emergence. In Turen soil, h01;ever, 
the chemicals did not increase seedling emergence. If Nontill ed Turen 
soil were brought into agricultural use, the soil would change within 
a few years and would then produce a response similar to that of Turen 
soi l. Therefore, the use of Elvanol or Humofina is considered unjusti-
fied in both Turen soil and Nontilled Turen soils. 
In all the soils, with the exception of Guanipa soil, Elvanol and 
Humofina appreciably increased the time r equired to reach ponding. This 
suggests the possibility of using Elvanol or llumofina to improve 
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permeability of heavy soil s in fle !J conditions . 
~lost of the trea t ed s ampl es of the f ine r t extured so i Is (soi Is 
other than Guanipa) exhibi ted h igher cru s t impedance, r esistance to 
penetration and sesame seed l i ng emergence than non treated sampl es. 
Never th eless, the chemical treatment s increased the time r equired to 
reach a ponded condition and in some cases t hey prevented ponding . It 
could well be that by prolonging the time t o reach ponding the chemi cals 
increased the opportunity for a high degree of wetting t o occur several 
cent imet er s be l ow the soil surface. Since the degree of densification 
upon drying is directly dependent on the degree of wetting during 
wa t eri ng (Hillel, 1960), th e high mechanical strength measured in 
treated samples may be a l ogica l consequence. 
In th e case of nontreated samples, th e aggregates on th e soi l 
surface, whose s tability was lower than that of t he trea t ed samp l es , 
could be disrupted by the r aindrop impacts . Thus , the infiltration "as 
reduced whi ch, in t urn, may have prevented a high degree of wetting 
deep in the soi l. Th e aggregate breakdown and subsequent sedimentation 
of the det ached material resulted i n th e formation of a hard crust 
section on the very top of the soil. Although such a crust section 
was not detected by the crus t impedance or resistance t o penetration 
measurements, it could be respons ible for th e l arge reduction i n 
sesame seedling emergence observed in the control. 
According to Hanks and Thorp (1957) the emergence of seedl i ngs 
such as wheat is influenced by the s trength of th e crust immedia t el y 
ar ound the growing tip and not by the strength of the entire crus t. 
HS 
Jlanks and Thorp 's (1957) findings arc probably also appl icab l c to 
dicoty l edonous pl ants such as sesame. To emerge, Jicotylcdonous sccd-
lings must rupture the soil s urfa ce in a dome or cone large enough to 
accomodate the coty ledons. Thus, a hard crust on the very top (the 
surface) i sparticularly harmful . 
For treated soil samples, correlatlons between impedance or resis-
tance to penetration and sesame seed lin g emergence were poor (Figures 
13 and 14) . The poor corre lations may be caused by differences in 
app l ica tion of the rupturing force. The mechanical instruments app l y a 
force that i ncreases rapidly until it ruptures the crust--rupture 
i nvolves a short time int erval. The seedling, on the other hand , applies 
a relatively constant force that may persis t for days. TI1is suggests 
that the seed ling itse lf i s t he bes t indicator of the soil mechani ca l 
strength influencing its emergence. Impedance and resistance to pen e-
tration measurements, when t aken alone to evaluat e soil crust s trength , 
may l ead to erroneous interpretations . 
Future Res earch Needs 
Si nce the amount of foreign soil allowed to be introduced into the 
USA i s limited, the screening t est of soil conditioners was conducted on 
a Utah soi l (Parle silt loam). Based on the results of this t est, only 
two chemical s (Elvanol 71-30 and Humofina B- 2864) were selected and t es ted 
on Venezue l an soils. It would be desirab l e, however, to perform a 
scr eening t es t with the seven soil conditioners in Venezuela using Agua 
Blanca soil . In this way, it could be c l early established wh eth er some 
of t he other condit ioners are more effective in increasing sesame 
seed ling emergence on Venezuelan soi l s tha n the two conditioners that 
were tested on these soil s. 
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Tn the greenhouse, it is difficult to simulate the variations of 
soi l wa ter normally found in th e seedbed. Since the seedlin g emergence 
is highl y dependent on so il ~<ater content, the r esults her e obta ined 
cannot be litera lly extrapolated to field cond itions. 
T~<o modifications might, in part, correct this problem in future 
greenhouse studies. Firs t , use of a considerabl y deeper pot would give 
a t hick l ayer of soi l from which water could be moved upward into the soi l 
zone in which the seeds are emerging. Second, an increased humidity in 
the greenhouse, particul arly at night, would slow down the rate of evapo-
ration. As a result of these modifications, the soil wat er profile in the 
pots would more nearly approximate that found in the field at t he time of 
sesame seedling emergence. 
Fie l d experiment s are needed to determine the feasibi lity of us ing 
soi l conditioners and their effect on soil crusting and seedling emergence 
in extensive areas . Even with good greenhouse studies, it is ~<ise to 
verify the resul t s under fie ld condi t ions. 
Inasmuch as it i s known that the precipitat ion is a major factor i n 
determining soi l crusting, it becomes obvious that improved long range 
weather forecasts are needed for th e sesame growing region . A more pre-
cise predi ct i on of the precipitation dur i ng the planting season would 
he l p th e sesame farmers to anticipate, with a gr eater degree of accuracy, 
the best time t o p lant. 
In some cases , the soil condit i oners i ncreased the time required 
f or ponding, but a lso increased the crust impedance and crust resistance 
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to penetra tion. This suggests that further investigation is needed to 
c l arify the relat i on between the soi l mechanical st r ength and the degree 
of wett i ng a t different depth s of the s urface soil l aye r s hortly after 
watering. 
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APPENDIXES 
Appendix fl 
Seedling Emergence Study under f-ield Conditions 
TI1e field experiment was conducted on Roshe Springs silt loam 
(Typic Calciaquol l s). The plot had been in fa llow for the last 2 years. 
The seedbed preparation consisted of rototilling the soil and packing 
it Iii th a wooden flat board. Four blocks, each containing three 1. 5 x 
0 . 6 m plots, "ere delineated and sown to sesame on June 13, 1977. The 
seeds were placed in rows located centra lly in, and parallel to the long 
dimension of the plots. The seeds were planted at 25 mm depth with a 
density of 100 seeds per meter. 
Three treatments were randomized liithin each block. The treatments 
were: control (Treatment 1), Elvanol 71-30 applied at 4 g/m2 in a 1:300 
dilution (Treatment 2) , and Humofina B-2864 applied at 30 ml/m2 in a 
1: 30 dilution (Treatment 3). Immediately after sowing, the chemicals 
were sprayed on the entire surface of the plot with a hand pump sprayer. 
Th e day after sowing, the blocks "ere irrigated with lo" pressure 
sprink l ers for 1 hour at an intensity of 25 mm/hour. 
Sesame seedling counts were taken daily along the entire seedrow 
in each plot. The experiment was terminated on June 24, 1977 . Thi s 
was the first day for which there had been no additional emergence in 
any of the plots for a 24-hour period. During the experiment no precipi -
tation lias recorded in the area. 
TI1e sesame seedling emergence data obtained at the end of the 
experiment, expressed in percentages, ar e shown in Table 17. 
Table 17. Percenta ge of sesame seedling emergence for the different 
p l ots under field conditions 
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Treatment Block ~lean 3 4 
Control 69.33 40.00 58.00 50.67 54.50 
Elvanol 71-30 70.67 49.33 40.00 66.0 0 56 . 50 
4 g/m2 1:300 dil. 
Humofina B-2864 75.33 52.00 46.67 68.00 60 . 50 
40 ml /m2 1:30 dil. 
An ana l ysis of varianc e for seedling emergence (Table 18) indicated 
that there were no significant differences among treatments, but that 
differences among blocks were significant at the 5 percent leve l. TI1ese 
results suggest that in the soil where this experiment was con due ted, 
crusting is not a major factor affecting seedling emergence. Visual 
inspections of the soi l surface, however, indicated that there wa s less 
disruption of the aggregates on the plots that were treated with the two 
chemicals. 
Tab l e 18. Analysis of variance for emergence of sesame seedlings under 
field conditions 
Source of variation Degrees of freedom ~1ean square F 
Tota l 11 
Blocks 3 416 . 24 6. 88'' 
Treatments 2 37.34 . 62 
Error 6 60.46 
*Significant at the 5 percent l eve l . 
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Arpentlix B 
Evapor::ttion llat;o for Greenhouse Studies 
Tab l e !9. llaily evapor ation oht a i JH'd undC'r greenhouse CO Tl dition s 
from ~larch 2 1 to .J une 22. 1977 
Pan Pan Pan Pan 
Date evap. Date evap . Date evap. Date evap . 
(mm) (mm) (mm) (mm) 
3-21-77 4. 1 4- 14-77 4.5 5-8-77 5.5 6- 1-77 7. 7 
22 5.3 15 8 . 7 9 4.9 2 8. 2 
23 7. I 16 6. 7 10 5 . 4 3 8 .5 
24 3.3 17 6.0 II 6 . 7 4 9.0 
25 3.6 18 5.4 12 8.1 5 10.9 
25 5. 1 19 7. 1 13 6.2 6 10.5 
27 4 . 6 20 8.1 14 1.9 7 II. 3 
28 2. 8 21 7 . 3 15 7 . 3 8 7.9 
29 4 . 1 22 7 . 6 16 2 . 3 9 8.6 
30 4 . 2 23 9 .0 17 3.8 10 7 . 6 
3 1 5 . 4 24 9.7 18 3.5 ll 10 . 8 
4- 1-77 3 . 8 25 8 . 2 19 2.6 12 10.3 
2 3 . 6 26 7.6 20 5. 5 13 9.2 
3 6 . 7 27 7.4 21 9.0 14 12 . 1 
4 6 . 2 28 7.2 22 5. 1 I S 10 . 3 
5 5.8 29 6.9 23 5 . 8 16 9 . 0 
6 7. 1 30 7.2 24 2 . 9 17 10.5 
7 7 . 3 5- 1-77 3 . 8 25 3.6 18 9.5 
8 9.2 2 5.4 26 3.5 19 9.0 
9 9.0 3 5 . 1 27 4.4 20 6.7 
10 9. 1 4 2.6 28 6 . 8 21 8 . 2 
11 7.4 5 3 . 8 29 6.4 22 9.7 
12 7.7 6 5. I 30 8.7 
13 6.7 7 5 . 4 31 8 . 1 
